troplnol with tropic acid that contained an atom of i2 *C 
in the position between the benzene ring and the car boxy 1 
group. Mice vera the first animals studied (over 100 were 
used), followed by rate* a fev cats, and finally eight 
human being** The original group of investigators 
separated into three parts before this entire series of 
studies was completed, end one of those parts studied the 
fates of two differently labeled atropines in man. 

The first pare of the research to be reported was the 

study of the metabolic fates of labeled tropic acid and 

atropine In mice and rata (91*92)* Mice and rats given 

Intraperitoneal Injections of alpha-! i4 C] tropic acid at 

1 mg/kg excreted in their urine only a single labeled 

compound that had essentially the same chromatographic 
characteristics as authentic tropic acid- The excretion 

of 1*C administered In this form was complete within 
about 2*5 h in the mice and within slightly more than 3 h 
in the rats* 

When the labeled atropine was administered to both 
mice and rats by both intravenous and intraperitoneal 
injections , the cumulative excretion of 14 c in the urine 
by the mouse was always considerably greater than that by 

the rat* The label from alphe-[^C] at rapine Injected 
intravenously into mice appeared in their urine slightly 

more promptly and to a somewhat greater extent than that 
from labeled atropine that had been injected 
intraperltoaeally or euhcutaoeoualy or that had been 

administered by gavage* The curve for the clearance of 
**C from the body of the mouse with time elapsed after 
subcutaneous injection of the labeled alkaloid required 
three simultaneous exponential equations to represent the 
observations after a period of latency of about 45 min, 
during which excretion of l*c followed none of the three 
exponential relet ions hips* In addition to atropine 
itself, at least three other eubstancefi containing ^C 
appeared in the urine of the mouse* 

At 30 min after intravenous Injection of labeled 
atropine into mice, the structures fouxd to have the 
highest concentre t lone of l*c were the gall bladder and 
the bile, the urinary bladder, and the duodenum and 
jejunum* By 4 h after injection, the structures with the 
highest concentrations of 14 C were the gall bladder and 
the bile, the urinary bladder, and the ileum* At 24 h 
after injection, the structures with the highest 
concentrations of ±**C were the colon and cecum, the gall 
bladder and the bile, mod the stomach* (In all cases, the 

hollow viscus and its contents are designated by the name 
of the viscus alone •} The comparatively high 
concentration of the label In the stomach 24 h after 
injection may Indicate that the mice had ingested some of 
their feces, the contents of the colon and cecum having 
high concentrations of 14 £ at t hat time. No L *C0j 

was found in the expired air* 

It is clear that the principal routes of removal froa 
the body of the atropine label used by Cosselin et 
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al « (91, 92) were the urine and the feces, the intestinal 
route of excretion being comparatively minor. Whatever 
the mode of administration of the labeled atropine to 
nice* 80-9 Cff of the 1*C was excreted in the urine. The 
consistent preeence of the gall bladder and its content a 
among the structures with the highest concentrations of 
the label indicataa that the label enters the 
gaatrolnteetinal tract after accretion by the liver Into 
the bile, which then flows into the email intestine 

through the bile duct and the common duct. The 
progressive shift of the segment of the intestinal tract 
with the higheat concentration of 1*C from the duodenum 
and jejunum to the ileum and then to the large bowel 
reflects the movement of a bolus **£ *« esmeelallv M»h 
concentration of the Isotope down the tract during a 
period of about 24 h. 

The failure to find 14 GC>2 in the expired air of 
the mice indicates that the tropic acid moiety in nhe 
atropine molecule la not metabolized — in accord with the 

finding chat labeled tropic acid Itaelf was excreted 
without loaa in the urine* The finding of atropine but no 

tropic acid in the urine of the mice Indicatea that 
hydrolysis of the eater did not occur rapidly. The latter 
finding waa aomewhat unexpected because an esterase 
capable of hydrolysing atropine la present Id the livers 
of many vertebrate species, although it or a similar 
enzyme appeara in the sera of only a few species (93*95). 

Thla en cyme la also able to bydrolyre L-hyoseyamiae > 
troplnyl benzoate, and earaoiphen (95). 

The rat vae found (96) to excrete in Its urine 
substances containing 1*C derived from the labeled 
atropine with approximately the same paper chromatographic 
retardation factors (Rfs) aa those found previously In the 
urine of the mouse. The rat differed from the mouse in 
excreting about 401 .of the label in ita feces, compared 
with about 1QZ for the mouse. The guinea pig, unlike the 
other mammala studied, excreted in its urine a large part 
of the 1*C in a form that was probably tropic acid or 
some similar molecule (11 slightly below that for tropic 
acid added to urine from the guinea pig)* The majority of 
the l^c in the urine of the cat was excreted in the form 
of atropine, only two other small peaks of radioactivity 
being evident on paper chroma to grama. The rat and the 

cat, unlike the mouse and the guinea pig, excreted almost 
as much of the label in feces as in urine. In the rat and 
the cat, the livers vers more active both in initial 
uptake and In maintaining a high uptake until 4 h after 
intravenous injection of labeled atropine than thoae of 
the mouse and the guinea pig* Increased transfer of the 

isotope from the blood into the bile by the liver in the 
former two species probably explains ita greater fecal 
excretion by these animals than by the other two species. 
Despite the quantitative differences in excretion of 
labeled atropine by different routes In the mouse and the 
rat, Gabourel and Cosselin (97) proposed that atropine 
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follovi the same metabolic pathway b Id the rat at In the 
no use- They studied mica gives intra venous lajectioa.s of 
alpha* t^^C] a tropica and found that approximately 25X of 
the dote vai excreted In the urine as atropine, nore than 
30CE as glucuronidea, and the remainder aa intermediate 
oxidation products and, probably, tropic acid eat eta with 
altered tropyl moieties. Although they vere unable to 
prove that the aromatic ring of the tropic acid moiety vas 
hydroxylated. they proposed that hydro icy la t ion of thia 
ring, initially at the 4 -position and then at the 
3-posltlon, resulted eventually In the production of 
monoglucuronide a and dlglucuronldes. However, Fhilllpaon 

et al. (98} found that incubation of atropine or hyoscine 

with a preparation of microcornea from guinea pig liver led 
first to the dealt/ la t Ion of the nitrogen acorn of the 

tropyl or the acopyl moiety and sequentially to production 

of the N-oxides and jf-hydroxynoratropine or 

N-bydroxy nor hyoscine* It seems possible that conjugation 

with glucuronic acid from uridlne-5- 

diphospho— alpha -D-glucuronic acid under the catalytic 

influence of uridine diphosphate glucuronyl traasferase 

occurred in the course of the oxidative series of 
reactions mentioned earlier and resulted in the formation 
of en H-glucuronide of nora tropin*. Such a reaction la 
known to occur with secondary aromatic amines t such as 
nora tropins* 

Werner and Schmidt (99) studied the types of chemical 
reactions undergone by [**C] atropine introduced into 
mice, rets, guluea pigs, rabbits, cats, and monkeys. 
Their general conclusion was that, although various 
species differed quantitatively in the relative amounts of 

particular end products of atropine metabolism, the 
chemical changes undergone by the molecule in the various 
species vere the same: hydrolysis of the eater linkage, 
hydroxy lation of the benzene nucleus, glue uronidat ion, and 
oxidation to 002* 

Kaiser et al. (100) found that bile of rata Into 

which [ A *C] atropine had been Injected intravenously 
might contain up to five peaks of radioactivity of 

comparatively low Rf s 0.02, D*Q&-0. 09 t 0.16, 0.22-0- 23 f 

and 0.68. The substances represented by Rfs of 0.08-0.09 

and 0*16 were present in the bile in the highest 

concentrations. No tropic acid or unaltered atropine was 

found in bile* Metabolites of atropine appeared in the 

bile within 10 min after intravenous injection of that 
alkaloid. The plasma of these rats contained only 
unchanged atropine in cones atrationa great enough to be 
detectable* 

Isolated, perfused livers of rats exposed to 

[14c]atroplne Injected into the perfusion fluid excreted 
about 60% of the 1*C into the bile during 4 h (101). 
All the metabolites were more polar than atropine itself, 
but they vere not identified* 

Winbladh (102) presented data on the distribution of 
atropine labeled randomly with 3 a in newborn pups. 
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pups at 3 and 6 wk of age, pupa at 3 mo of age, and adult 
dogs (10 no old or older). After aubcutanaoue injection 
of labeled atropine at 0.5 ag/kg, the Isotope tree removed 

froa the blood plasma much More slowly In the newborn pups 
than in the adult animals* The pupa of other ages had 
Intermediate half-time* for removal from the plasma, the 
greatest step of difference being between newborn pups and 
those 3 vk old* The half-times for removal of the label 
from the plasma after Intravenous injection of labeled 
atropine ware not strikingly different from those measured 

after subcutaneous injections* 

In newborn pups, the organs that initially took up 
the highest concentrations of the label were the kidneys 
and the liver, the kidney ■ having a higher concentration. 
The liver maintained a higher proportion of its early 
concentration of 3fi until 6 h aftar the injection than 
the kidneys » however, Pupa 6 vk old behaved qualitatively 
like the newborn ones, but in the adult dogs the initial 
uptake of the label by the liver was considerably greater 
(by up to BOX) than that by the kidneys • Of the 3 li in 
the urine, 50-9QX waa in the form of unchanged atropine. 

In brain, tflnbladh (102) found a progressively decreasing 
concentration of atropine (the only form In which the 
label vas found In brain) n serial eamplee were taken 
from the cortex to the vicinity of the lateral ventricles. 

Harrison et al* (103) used atropine labeled with 3 H 
in the para poaTtTou of the benzene ring in the tropic 

acid moiety of atropine to follow the disposition of that 
alkaloid in the rat. They found that the mean half -tines 
for removal of the label from various tissues after 
intraperitoneal Injection were as follows: plaema, 44 
min; heart and kidney, 54 min; liver, 74 min; brain, 76 
min; and fat, 101 min. The half-times ware determined 
from the slopes of the decay curves* 

Two fairly recent papers on the metabolic fate of 
atropine in man have been published (104,105); an 
excellent summary of the work was presented by Kaiser 
(106) , The two subjects in the first of these papers 
excreted within 24 h 85Z of an intramuscularly injected 
dose of 2 mg of alpha- [1*C] atropine. A urine sample 
collected from one of the subjects between 1*5 and 4 h 
after injection contained substances that produced four 
small, interconnected peaks of radioactivity on a paper 
chromatogrem that ware apparently removed by incubation of 
the urine with bacterial bet a -glucuronidase- Only three 
clear peaks of radioactivity appeared on the paper 

chromatograae of this urine aftar It had been exposed to 

glucuronidase. Two of these had Efs that agreed with 

those for atropine (the major peak) and for tropic acid (a 

small pealO* The identity of the third peak, with in Rf 
below that for atropine, was not determined* After 

alkaline hydrolysis of this sample of urine, the only 

radioactive substance detected in the chromatogram had an 

Rf similar to that of tropic acid; thus, the tropic acid 
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portion of the estsr item not to have been altered 
metabolically to any Important extent * 

The second paper (105) used two samples of 

[^-^C] atropine; one vat labeled on the methyl group 
attached to the nitrogen atom of the troplne moiety, and 
the other wae labeled at the tvo carbon a coma in the ring 
■ t nurture of the tropin* moiety adjacent to the carbon 
atom Involved in the ester linkage. Tvo male and tvo 
female subject* received Intramuscular injections of 2 mg 
of one of these labeled atropines* One subject received 
Individual Injections of each labeled atropine on tvo 
different days. When the methyl- la be led atropine was 

administered p **C02 appeared in the expired air. 
Administration of the other labeled atropine did not 
result in the excretion of i4 C02i nor had this 
substance been found la the air expired by the only one of 
the subjects in the first of these papers (104) whose 
expired sir was examined. One concludes, therefore* that 
the only part of the atropine molecule that is subject to 
complete oxidation is the methyl group on the nitrogen 
etna of the tropins moiety* As for excretion of the label 
in the urine A the tvo samples of Atropine used by Kaiser 
and KcLain yielded similar results. f There was rapid 

excretion of 1*C during the first 4 h after injection 
that vss nearly linear vith time, but by 16 h after 

injection the rate of excretion of 14 C in the urine had 
decreaaed to a much lover rate that was also nearly linear 
vith time* The low rate persisted for up to 48 h after 
injection In the one subject who received each of the 
labeled atropines on separate days* 

Kaiser and McLain (105) found that glucuroaidation 
vas an Important metabolic pathway in the early excretion 
of atropine from the body, but that this type of reaction 
seemed not to be particularly important after 4 h from the 
time of Injection of atropine* Referring to the work of 
Phi 111 pa on et al« (98), one may suppose that 
glucuro nidation occurs vhen mors tr opine is produced by 

oxidative deslkylation of the nitrogen atom of the troplne 
moiety of atropine* The paper by falser and HcLaln 
indicated that excretion of 1*C02 in the expired air 
reached a peak about 75 min after the intramuscular 
Injection of atropine and suggested that by 4 h after such 
a dose it may have been fairly low again. Possibly, 
therefore, glucuro nidation ind oxidative dealky latioo 
proceed contemporaneously and in a coupled fashion. 

The tvo labeled atropines used by Kaiser and McLaln 

il05) yielded the same chromatographic ally distinguishable 
^C^containing substances in the urine excreted by their 
subjects* There vere four principal peaks of 
radioactivity! all of which appeared to consist , at least 
In part y of glucuronidss et the early times of collection 
of urine* Peaks of radioactivity vith Rfs similar to 
those of labeled atropine end troplne were the most 
prominent ones in the pepsr chromatograns of the 
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urine of these subjects. In samples of urine collected 
during the first 6 h after a dose of 1 Abe led Atropine , a 
component of Ef 0.70 teemed to be converted to one of R_f 
0*55 by iucubAtion with beta-glucuronidase from beef liver. 

In sum a rizin& this work on the metabolism of 
Atropine by man, Kslser (106) used Tonnesen's data (89) on 
the urinary excretion of Atropine by five subjects to enow 
that there is « f Airly broAd range of rate* of excretion 
of Atropine; during the 12 h After Ingestion of atropine, 

these five subjects excreted 15.5-421 of the ingeited dose 

in their urine. It is not surprising , therefore, that one 

subject given labeled Atropine intramuscularly excreted 

only 35,31 of the injected dose during the first 8 h, 

whereas the five experiments reported by KAlAer sod MnLain 
(105) yielded cumulative excretion of Injected Atropine in 

urine during the sabs period between About 63! end 1121 of 
the injected Amount * After omission of the highest value , 
which came from urine samples that the invest iga tors 
thought might have been handled improperly , there Is still 
A variAtion between 631 and 831* (Three experiments with 
three different subjects yielded closely similar excretion 
rates, with a mean of about BOX of the injected dose, a 
fourth experiment with one of the same subjects yielded 
the low value of 632.) 

When the data on **C still in the body at various 
times after Intramuscular Injection of tropine-labeled 
Atropines were plotted and analysed to yield two linear 

regressions in time, the derived half-times ranged between 
1*3 and 2.1 h for the early parts of the curves end 
between 12*5 end 36*0 h for the later parts. When the 
date for the subject studied most extensively by Gos sella 

et al* (104) after Intramuscular injection of 
tro pine-labeled atropine were treated similarly, the 
half-times were 1*8 and 16*5 h* Apparently, the two types 
of labeling led to very Almilar estimates of the rate of 
removal of atropine 'from the body* 

Two other studies provide somewhat similar findings , 
In one (107), coma-producing doses of atropine sulfate 
were injected intravenously, pH] atropine being mixed 
with unlabeled Atropine to permit a dose of 100 uCi of 
% to be Included in the total dose of atropine 
sulfate. One psychopath, one epileptic, and 13 
schizophrenics wsre studied* Graphs of data from three 
patients were presented In the paper. One man received a 
total dose of 70 mg of atropine sulfate (1.06 mg/kg) t 
another man received 150 mg (2*8 mg/kg), end the third 
patient, a woman, received 270 mg (4*5 mg/kg). All 
injections were said to have been intravenous, but the 

curve for the concentration of the isotope in the blood of 

the woman is like that from s subcutaneous injection* 
During the 24 h after injection, the recoveries of the 
label in the urine, from the lowest dose to the highest v 
were 27. IX, 48.01, and 81. IX. The concentrations of the 
Isotope In the blood of the two men decreased rapidly 
during the first 15 min and more slowly thereafter; in the 
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woman, the concentration increased to a uxUua at about 
15 mill after the injection and then decreased moderately 
slowly. Id all theme patients, the concentration of the 
Isotope In the blood became zero by or soon after 24 h 
after Injection. 

Hay dan et al. (108) used a radioimmunoassay method to 

measure the removal of atropine from human plasma In four 
subjects given intravenous injection* of 0.32 nig of 
atropine* They found a very rapid decrease In the plasma 
concentration during the first 5 min after injection, 

followed by a slower decrease* By 4 h after injection, 
the atropine concentration in the plasma was only about 
2*251 of that present 5 min after injection. The Initial 

period of rapidly changing BMJBMtratlan of atropine in 
the plasma nay be a period of mixing In the plasma and 
equilibration between the plasma and various tissues. 

A paper by Virtanen et al . (109) presented graphs of 
concentration of atropine in the serum of two women given 
1*3 mg of atropine intravenously. There was an initial 
very rapid decrease in concentration, estimated by a 
radioimmunoassay method, followed by a Blower decrease. 
The half-times for removal of atropine from the blood in 
theae two women were 2*09 and 1.86 hi These times are 
similar to those calculated by Kaiser and McLain (105) for 
the early parts of their curves. The half-times in the 
paper by Gassner et al* (107) correspond more nearly with 
those calculated TJy Kaiser and McLain for the later parts 
of their curves- 

Because tropic acid was the only uubstance found 
after alkaline hydrolysis Of urine from subjects given 
trope te-la be led atropine and a substance that was either 
tropins or a close relative was the only one found in 
large quantities after alkaline hydrolysis of urine from 
subjects given troplne-labeled atropine, it is apparent 
that atropine did not undergo drastic metabolic 
modification in human subjects* Oxidative dealkylation, 

with excretion of ^*C02 in the expired air, probably 
led to the temporary formation of nora tropins* This 
compound may then have been giucuronldated directly or 
been oxidised further to the hydroxy! amine form and then 
giucuronldated* The finding that glucuronidation became a 
relatively unimportant reaction within about 4-6 h after 

the injection of atropine into muscle suggests that there 
is some sort of coupling between oxidative dealkylation of 
the tropins moiety of atropine and glucuronidation; in 
other words, glucuronidation may depend on the presence of 
some particular concentration of substrate , whether that 
substrate be nora tropins or hydroxynoratroplne* 

BUMAK DATA FROM Tag CEHERAL LITERATURE 

Gordon and Prye (27) collected from the literature 
reports on 11 deaths of humans considered to be due to 

atropine* Five of these involved application of solutions 
of atropine to the eyes— one person was thought to have 
received 1*6 mg of atropine and another 18.1 mg. 
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Four death* wsre related to ingestion of Atropine* One 
person had taken 198 mg of atropine with 100 mg of 
morphine* A 3,5-yr-Gld child had taken 540 ng of atropine 
and 1,350 mg of phe no barbital. Another per eon was 
reported to have taken a daily dose of tincture of 
belladonna equal to 1*2-2*5 ag of atropine for 6 yr before 
death (probably the hlgheat dome for poet of the time); 
there van nothing in the report to indicate clearly that 
death was attributable to long-term ingestion of atropine 

(110)* Two deaths were connected with injection of 

atropine, in one case of 32 ag* On the other aide of the 
picture, Alexander e£ al. (Ill) reported that an adult had 
survived after ingesting 1,000 ag of atropine; Mackenzie 
and Piggott (112) told of three children weighing 14-24 kg 
who lived after taking 600 ag of atropine* 

Report* of caeee of serious p nonfatal intoxication by 
tropic acid eatera indicate that recovery f roa such 
epiaodea is reasonably rapid. For example, Sias (113) 
reported the caae of a 67-yr-old woaan who had applied 
belladonna plasters to her back for a aonth to relieve 
backache. During this time, the skin to which the 

plasters bad been applied became excoriated* On the day 
of admission to a hospital, the patient had disturbed her 
husband in the early morning by wild and incoherent 
Buttering** On admission, she had two plasters on her 
back and was delirious and flushed* Her pupils were 
dilated equally and un reactive to light* Her eras were 
held In flexion and the legs in extension. After removal 
of the plasters from her beck, she regained consciousness 
within about 12 b* Her pupils remained dilated for more 
than 36 h, however* She was released from the hospital as 
fully recovered, including healing of her skin, on the 
tenth day after admission* 

Intoxication by scopolamine with similar eigne was 
reported by Beach et el * (114) • A 35-yr-old woman had 
taken 12 Sominex tablets (equivalent to 3 ag of 
scopolamine)* She was in stupor with occasional clonic 
convulsions. Ear pupils were dilated! her mouth was dry, 
her skin was hot to touch, her pulse was rapid, and she 

reacted vigorously to minor; stimuli* When she was 
bed, her hands and fingers made repetitive plucking 
movements et the bedsheet* Apparent visual 
halluclnationa, evidenced by avoidance movements, 
accompanied by screemiag and severe die orient at ion began 
to abate after 12 h* The patient was discharged on the 
fourth day after admission to a hospital* 

Stoll (26) competed the actions of atropine and 
methylatropinium nitrate on several functions of the human 
body* Me thylatropiaium nitrate at 10 jig/kg produced mean 
increases (four subjects) in pulse rate twice those 
produced by the same dose of atropine. In a series of 
experiments in which subjects were given identical doses 
(20 jJg/kg) of the two drugs, they were found to have 
almost identical effects on pulse rate. Methylstropinium 
nitrate induced somewhat greater increases in the mean 
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systolic and urn diastolic blood pressures and a 
considerably greater increase in the minute volume of the 
heart than atropine* Atropine increased the consumption 
of oxygen, whereas aethylatropinium nitrate decreased it, 
Methylatropinium nitrate was about twice as effective as 
atropine in increasing skin teapereture* 

Culluabine et al* (115) studied the effects of 
atropine sulfate on healthy sen* Twenty men each received 
1 ug of atropine sulfate by subcutaneous and Intramuscular 
injection and 0.5 ag by Intravenous injection. Forty men 

received double doses by the saae three routes of 
administration* The first sign of action by atropine In 
many subjects was a slight, temporary decrease in heart 
rate, followed by a gradual increase. Intravenous 
injection produced effects more rapidly than the other 

routes of administration* The increase in heart rate 
induced by 1 ag of atropine sulfate injected Intravenously 
was similar to, but of shorter duration than, that induced 
by subcutaneous or intramuscular Injection of 2 ag. 
Subcutaneous injection of atropine sulfate Induced 
acceleration of the pulse aore rapidly , but less 

lastingly, than the same dose Injected intramuscularly. 

All of 44 men given 5 ag of atropine sulfate 
complained of dryness of the aouth and throat, of 
dizziness, giddiness, or light-headed nes*, and of 
difficulty la reading* Other complaints, in order of 
diminishing frequency f were of difficult urination; of 
tiredness, lassitude, or sleepiness; of headache or 
eyeeche; and of nausea* After 3 ag of this drug p the only 
complaint voiced by 12 men so treated wai of dryness of 
the aouth and throat; after 2 ag of atropine sulfate, only 
37 of 45 subjects complained of dryness of the mouth and 
throat* The most definite objective effect of atropine 
was an increase in heart rate* Systolic blood pressure 
tended to decrease slightly and diastolic pressure to 
increase* There were also slight, but insignificant ., 

changes in the concentrations of hemoglobin k leukocytes, 
and blood glucose* Some subjects had changes in their 
electrocardiograms that indicated sinus arrhythmia, P-vave 
enlargement, premature atrial contractions, and flattened, 
coved, or Inverted T waves* Daily injections of 2 mg of 
atropine repeated for 5 d decreased either the severity of 
or the subjective response to the changes in secretion by 
the glands of the aouth and in accomodation of the eyes 
to light and to nearness* 

Wyant and Dob-tin (116) compared atropine, 
L-hyoscy amine, and scopolamine for ability to stop 
salivation Induced by Intravenous injection of a mixture 
of carbachol and epinephrine* Scopolamine was slightly 
more active in this regard than L-hyoscy amine, and both 
were considerably more active than atropine* 

Bechrech (117) surveyed the literature related to a 
group of anticholinergic drugs, including atropine and 
methylscopolaamoaiua bromide , and reported the results of 
studies of small groups of patients* Atropine was about 4 
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times ae active a eialolytic drug as me thy iscopol ammonium 
bromide, but produced nore side effects* In a group of 11 
subjects given 0.6 mg of atropine orally t nine complained 
of elde ef facte; blurred vision was the most common of 
these; one subject complained of dysuria, and another of 
nervousness | die sins mm , and anorexia* Only one of eight 
patients given about 2*4 mg of methylscopolaniionium 
bromide cooplalned of blurred vision! and one complained 
of dysphagia. 

Herxhelmer (118) compared a email group of 
anticholinergic drugs—including atropine sulfate, 
scopolamine by dr ©bromide * and methylacopolammoniuiL 
bromide— for ability so affect several functional system s 
of nan after subcutaneous injection* Scopolamine 
hydrobromlde (0*2-0*8 mg) was strikingly more active than 
either methylscopolammonium bromide (0*125-1-0 mg) or 
atropine (0*5-2.0 mg) in inducing dilatation of the pupil 
and paralysis of accommodation* MethylscopolammoaiuiD 
bromide was more potent than scopolamine hydrobrom:.de, 
which was more potent than atropine, in inhibiting 
secretion of saliva. The two salts of scopolamine were 
equally potent p and more so than atropine, in slowing 
urination* Hethylscopolaamonium bromide was strikingly 
more potent than atropine sulfate in increasing heart 
rate. The incidence of drowsiness was 100% with 
scopolamine hydrobromlde, about 251 with 
methylscopolammonium bromide p and lowest with atropine- 
The effecte of methylscopolammonium bromide and atropine 
aulfate on heart rate became evident (18-19 mln) and 
reached their greatest intensities (37-40 min) at about 
the same times, despite the fact that the dose of 
methylscopolaxunonlua bromide was only 22.5% that of 
atropine sulfate* Whan equally effective doses of the 
compounds were administered, aethylscopolammoaluia bromide 

was slower than scopolamine hydrobromlde and atropine 
aulfate in exerting Its maximal effect on salivation and 
on the iris. The effecte Of scopolamine hydrobromlde on 
the iris and on accommodation for near vision lasted 
considerably longer than those of equal doaee of 

methylscopolaaaonium bromide and atropine sulfate. 

Using salivary secretion aa the indicator, Hlrakhur 
(118) found that atropine and scopolamine were about 2 and 
4-5 times as active, respectively, after Intramuscular 

injection as after ingestion. When heart rate was uiied as 
the Indicator, both alkaloids were about twice as active 
after intramuscular injection as after ingestion* ifren 
the secretion of sweat was used as the indicator, hovever, 
ingested acopoismine was nearly as active as that injected 
intramuscularly, whereas atropine was about twice as 

active when ingested as when Injected. 

In a combination of literature review and reports of 
personal experiences with patients, Schweitzer and Mark 
(120) summarized the effects of atropine on the 
intracardiac conduction system and the myocardium. Tie 
chronotropic effects of atropine are the beat-known ones 
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on the heart, consisting of aa early and brief (a few 
minutes) slowing of the heart a most apparent with email 
doses or with doses administered by routes likely to yield 

slov entrance of the substance Into the body, and a later 
sad predominant increase 1m heart rate. The predominant 

action is due largely to blockade of vagal impulses to the 
heart, but Is contributed to by improved sinoatrial 
conduction, Increased frequency of discharges by the 
atrioventricular node, and facilitation of conduction 
through that nods* Atropine may affect the refractory 
period of atrial muscle and conduction by the His-Tavara 
bundle, but these actions are uncertain. Atropine may 
indues atrial fibrillation, atrial ventricular 
dissociation, ventricular tachycardia, and even 
ventricular fibrillation* The last result is particularly 

likely (122,123) when the work of the heart is increased 
suddenly under conditions of hypoxemia, as when atropine 
is administered intravenously to an apneic person who has 

Just been overcome by exposure to an Inhibitor of 
chollnesterases and whose heart still beats. 

Despite the reputation of scopolamine for causing 
amnesia, Hardy and Wakely (124) found that only 13 of 100 
patients given subcutaneous inject ibns of hyo seine at 
about 6*3 ug/kg and morphine At about 157.2 ug/kg had any 
amnesia of being shown a card Just before induction of 
anesthesia* Only seven of these patients had complete 
amnesia of preoperative events. When atropine at about 

9*4 ug/kg was substituted for scopolamine in the 
preanesthetic mixture, only one of 100 patients had 
partial amnesia of being shown *• card before induction of 
anesthesia. 

Dervent and Karacan (125) examined the effects of 
intramuscular injections of atropine sulfate (15-60 
ug/kg) t scopolamine hydrobromlde (1.5-6 ug/kg), and 

aethylscopolammonium bromide (1.5-6 >ig/kg) on 
rap id-eye-mo veasnt (g£H) sleep aad its neuroge 
correlate, nocturnal penile tumescence 
were Injected 2 b after onset of sleep 
male volunteers between the ages of 21 

Scopolamine at 6 ug/kg and atropine at 



(NPT). The drugs 

Fifteen healthy 
and 35 were used. 

60 ug/kg suppressed 



both REM sleep and 6TPT. Quatsrnlzed scopolamine had 
neither of these effects. 

Ostfeld et al* (126) gave oral doses of 10 mg of 
atropine sulfate in 100 ml of water to 10 subjects and 
recorded the rate of salivation, the grades in the seven 
moods of the Clyde Hood Scale, the electroencephalogram, 
end EEC arousal induced by single and repetitive flashes 
of light before and after drug administration. Atropine 
increased heart rate by 60Z and decreased the amount of 

saliva produced during 1 mln by 63%. Five subjects 
complained of mild difficulty in urinating. These effects 

were maximal at 2 h after atropine was ingested, as were 

those on EEG arousal by flashes of light. The last 

effects consisted of decreasing the duration of the 

arousal Induced by single flashes (by 60*62) and repeated 
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flaahes (by 57*11) ■ There was a alight tendency lor 
arousal by repeated flashes of light to be effected before 
that by single flashes* In the spontaneous EEC 
recordings, waves of lover amplitude end longer duration 
(5-8 per second) replaced the normal waves at 6-12 per 
second, beginning at about 3(H60 min after atropine 
ingestion* Observation of spontaneous behavior and 
evaluation of mental status and mood revealed that 
atropine shifted behavior In the direction of reduced 
energy, decreased voluntary speech and notion, reduced 
attention span, impaired memory of contemporaneous events, 
and drowsiness. She changes In the spontaneous EEC and In 
behavior appeared at about the same time. 

Ostfeld and Aruguete (12?) performed a similar study 
in which 54 volunteers were subjected to subcutaneous 
injections of 150-800 ug of scopolamine hydro bromide* The 
lowest dose induced moderate bradycardia, but decreased 
salivation* lb* highest dose completely blocked the 
secretion of saliva and seemed to induce sleep, 
hallucination, and mental disorientation more frequently 
than the dose of 10 mg of atropine sulfate used by Ostfeld 
e£ al* (126)* The larger doses were associated with 
decreased ability to perform tasks requiring close 
attention* 

Comal n et al* (128) reported that intravenous 
injection of physostigmine sulfate at 40 jJg/kg into six 
patients in coma as a result of administration of atropine 
was capable of decreasing the depth of the coma, but that 
the duration and extent of the change were variable. The 
treatment could be repeated, however. In a later paper, 

the same group of investigators (129) reported that 
treatment with physostigmine in six cases of attempted 
suicide with anticholinergic preparations could be 

monitored with EEC recordings , using EEC alerting as a 
signal of effect* WJien the preparations used included 
overdoses of drugs other than atropine or other 
anticholinergic substances, physostigmine had no effect. 
They pointed out that therapy for anticholinergic coma 
with physostigmine was limited by the short period of its 

activity and by its secondary effects, including premature 
ventricular contractions and convulaant activity. 

Hollender et al * (130) reported on a woman who 

complained of auditory and visual hallucinations after 
taking two Somlnez tablets* It developed that she had 
also taken chlorpromazlna, which has distinct 
anticholinergic activity, and ami t rip ty line, which has the 
greatest anticholinergic activity of any of the common 
tricyclic antidepressants* The woman's pupils were 
markedly dilated and fixed and did mot constrict when 

drops of a IX solution of pilocarpine war* applied to the I 

eyes* Eventually, she was found to have been using 

eyedrops of tropicamide, a potent but nonperslstemt 

mydriatic. Shortly after admission to the hospital ( the 

woman had a seizure* This was thought to have been of 

psychogenic origin; there were no recurrences* With no 
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drug treatment and prevention of any access to drugs by 
the patient* her disorientation cleared rapidly. (She 
claimed* however, that hallucinaciona persisted during her 
stay in the hospital of 2 wk t but tbe Investigators 
considered that she was probably attempting to prolong her 
hospitalization* ) 

Aucamp and Meyer (131) reported that well-controlled 
epileptics may experience sudden exacerbation of their 
seizures if the/ begin taking drugs vith anticholinergic 
activity (as In sou antacid preparations) or 
aatihi steal nie activity (as In preparations for 
amelioration of colds and influenza). 

Moskovitz et al« (112) analyzed the hallucinations 
flin*rl*nt&d bv a sroun of Bfi natients. 32-S4 vr old. with 

— ■-«■—-— ST W * 4 ■ m ' ■■ 

idiopathic parkinsonism for at least 6 mo. The 
therapeutic regimens when these patients began to 
hallucinate had included anticholinergic drugs with or 
without amantadine (13.91) P alone (23.31), and with 
amantadine or anticholinergic drugs or both (62*8%)* The 
hallucinations had been visual for 87. IS of the patients, 
auditory for 35.51, and tactile lor 4.31; 25.81 had both 

visual and auditory hallucination b. t The hallucinations 
were nonthreateniog for 72.71 of the patients and 
threatening for 27-3%. The investigators believed chat 
anticholinergic drugs probably were the principal factors 
In giving rise to hallucination. 

Holland et ml* (133*134) gave men intramuscular 
Injections of sterile water, 2 mg of atropine sulfate with 
500 mg of !Hmethyl-2-hydroiyiminomethylpyrIdinium methyl 
sulfonate T*2S) t 750 mg of P2S, 750 mg of P2S with 2 mg of 

atropine sulfate, or 2 mg of atropine sulfate. The 
initial race of absorption was judged by the time after 
injection required for attainment of the maximal reduction 

in heart rate. Five volunteers were used to examine the 
effects of water, 750 mg of F2S, 750 mg of P2S with 
atropine sulfate, and atropine sulfate alone; seven were 

used to determine the effects of 750 mg of P2S with 
atropine sulfate and atropine sulfate alone* 10 were used 
to compare the effects of 500 mg of P2S with atropine 
sulfate and atropine sulfate aloau. 

EEGe ware recorded after the subjects had reclined 
quietly on beds for an hour* The Injection was then given 
into the upper outer aspect of the thigh, and EGG 
recording continued for about 2 bi.% The sir temperature 
was 21-24*C« All 22 volunteera had control ECGa 
recorded on day 1* After 2 or 3 d, volunteers 1 to 12 
were given 2 mg of atropine sulfate; 5 d later, they 
received a mixture of 2 mg of atropine sulfate and 750 mg 
of P2S. Five of these volunteers were given sterile water 
2 d after the injection of the mixture of atropine and 
oxlrne; a day later, these five received 750 mg of P2S. 
The 10 remaining volunteera received injections of 2 mg of 
atropine sulfate and 5 d later of 2 mg of atropine sulfate 
and 500 mg of P2S. 
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The heart rates of the volunteer* given no Injection, 
injections of sterile water, or injections of 750 mg of 
P2S had closely similar variations with cine. The graphs 
of heart rate after injections of 2 mg of atropine 
sulfate, of 2 eg of atropine sulfate and 500 mg of F2S, 
and of 2 mg of atropine sulfate and 750 mg of P2S followed 
closely aimilar courses with time after injection* These 
were distinctly different from the first aet of lines. 
One can conclude that 750 mg of P2S alone had no 
significant effect on heart rate and that addition of 
either 500 or 750 mg of P2S to 2 Kg of atropine sulfate 
had no striking effect on absorption of atropine from a 
site of intramuscular injection. The initial rate of 
absorption of atropine seems to have been increased 
slightly by both doses of P2S (mean time to maximal 
bradycardia waa decreased from 18*7 min to 12.9 mln by 500 
mg of P2S and from 15.3 min to 12.2 min by 750 mg of F2S). 

Hart in (135) followed up this work by comparing the 
effects of intramuscular Injections of 2 mg of atropine 
sulfate alone and mixed with 750 mg of P2S on heart race 
and sweating in nine exercising men* These volunteers 
worked at 25 'C and a relative humidity of 65-751 until 
their heart rates had risen to 110-130 beats /min and then 
got injections of atropine alone or of atropine and P2S. 
The exercise waa continued for an additional period* The 
dose of atropine increased the mean heart rate at the end 
of the period of exercise by 34«4X and decreased the mean 
rate of sweat production by 36. 1Z. Addition of P2S to 
atropine had no important effect on these changes - 

The General Practitioner Research Group (136) 
surveyed the effects of drugs in women in the United 
Kingdom during the first trimester of pregnancy. Of 661 
pregnant women who took drugs of some sort during the 
first trimester, 57 (6.6X) had either miscarriages, 
stillbirths, neonatal deaths, or abnormal children. 
Antihistamines were Involved in 38 of these p barbiturates 
in 10, and female sex hormones in 10* Antihistamines had 
been uaed by 76*92 of the pregnant women, barbiturates by 
9-21, and female sax hormones by 9*12* Thus, women who 
used barbiturates or female sex hormones during the first 
trimester of pregnancy were the moat likely to have one of 
the four types of reproductive accidents' considered. A 

pregnancy that resulted in a blind Infant had Involved the 
use of scopolamine during the eighth week and of 
promethazine during the ninth week. Scopolamine was the 
only tropic acid ester used by a pregnant woman who 

delivered an abnormal child In this survey* 

Hellman at al- (137) studied the reliability of the 
response of the fetal heart to administration of atropine 
to a pregnant woman, the fetal heartbeat being recorded 
and analysed by a computer as an indicator of 
transplacental transfer* Intravenous injection of 
atropine sulfate at 22 ug/kg during a 2-min period to 26 
normal pregnant women reeultad flrat in slowing of fetal 
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heart rate and then tachycardia in 26 cases* In two 
cases, there was no apparent transfer of atropine to the 
fetus, although both women delivered apparently normal 

Infanta. 

MelLln (138) studied the consequences of the use of 
drugs during the first trimester of pregnancy by 3,200 
pregnant women aeen at the Columbia- Presbyterian Medical 
Center in Mev York during 1953-1957. Of these 3,200 
pregnancies! 266 were recorded aa resulting in ma If armed 

infant at Two control group* were established by selecting 
266 records lined lately preceding and 266 immediately 
after each record relating to a malformed infant- Drugs 

were uaed during the firat trimester by 532 of the women 
who delivered malformed babies, whereas 50.91 + 1.91 of 
the women In the control groups had used drugs during the 
first trimester- The difference is not significant- 
However , when fetal and neonatal deaths among the 
offspring of women who used drugs during the first 
trimester and of those who did not wore summed separately, 

only 4.91 of the offspring of the latter group died in 
utero or soon after birth, whereas 9.51 of the offspring 

of the drug-user a died before of soon after birth* 
Atropine was found to have been taken fay one woman whose 
infant died soon after birth among 13 offspring of women 
who had used this drug during the critical period of 
embryogenesia; three of the other 12 babies of these women 
were malformed* Of three women who had taken scopolamine 
during the firat trimester, two delivered apparently 
normal children. There la no way of determining from the 
paper what other drugs the women who used these two 
anticholinergic substances may have taken, except that one 
of seven babies with both congenital heart disease and 
another unspecified malformation was born to a woman who 
had used chlorpr ©marine, dlmenhydtinate, meperidine, 
morphine, and secobarbital sodium in addition to 
scopolamine* 

Bellman and Filliati (139) extended the study by 
Uellman et al* (137) of placental transmission of atropine 
in normaT"women by studying 24 pre-eclamptic women, three 
with eclampsia, 11 with chronic hypertension, and 16 with 
diabetes* Sixteen of the 24 preeclamptic patients, two 

of the three eclamptic patients, and four of the 24 
records on the 16 diabetic women gave no evidence of 
transfer of atropine to the fetus. Two of the negative 
records on diabetic mothers can be paired with one each 
from the same woman that provided evidence of 
transplacental transfer of atropine* Another of the 
negative records pertained to a woman who had yielded 
three records indicating placental transmission of 
atropine to the fetus* The general conclusion from both 
studies (137,139) vae that the atropine teat of placental 
function la not sufficiently precise to indicate whether 
placental function is normal in any given case- 

Quilligan (140) pointed out that comparison of blood 
from the umbilical veins and arteriea of placentas 
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of six voud who received 1,0-1*5 mg of atropine mod of 13 
women who received no atropine revealed that the umbilical 
blood from the atropine-traated women had lover pc^e 
than that from the control patients, although the 

acld-baae relationships of the unbillcal blood from the 
two groups vara not particularly different* 

Kivalo and Saarikoski (141) studied transplace atal 
transmission of atropine by Injecting [^H] atropine 
intravenously (0,5 £&g/kg) Into 25 women undergoing 
delivery by Cesarean section* Samples of blood were taken 
from the antecubital vein of the Bother and fro* the 
umbilical vein and artery* The investigators found that 
the concentration of the label in blood from the imhilieal 

artery was about 501 that in blood fron the umbilical 
vein. At 1 and 5 mln after injection! the concentrations 

of 3fcj in the blood f rata the umbilical vain were 121 and 
93Z f respectively, of those in the maternal venous blood 
at the sane times* Atropine seems to cross the placenta 

rapidly. 

Onoen et iL (142) estimated the concentrations of 
atropine ioTlood samples by bioassay on isolated Ileum 
from guinea pigs stimulated by acetylcholine* They gave 
rapid Intravenous injections of atropine sulfate to 26 
pregnant voaen at 12-5 pg/-q£ and found that tachycardia in 
the fetus started 5*10 mln after injection, at a time when 
the initial rapid decrease in the atropine concentration 
In the mother 1 * blood had bean replaced by a comparatively 

lov rate of decrease* In another experiment, they gave 45 

voaen in labor atropine injections and took samples of 
maternal and of mixed cord blood at birth. They found 

that 5-15 mln after Injection the ratio of the mean 
concentration of atropine in cord blood to that in 
maternal blood vaa 1.2 + 0*5* This paper also indicates 
that atropine is tranaferrad across the placenta within a 
matter of a few minutes. 

In addition to the affects on the reproductive 
functions of the female, there has been some study of the 
effects of tropic acid eaters and related compounds on 
sexual function in the male. One paper on this topic 
(125) has been mentioned above. Horowitz and Gobie (143) 
have reviewed the literature on drug-induced sexual 
dysfunction in the mala and have concluded that any drug 
with atropine-llke effects may interfere with penile 
erection. (They pointed out that impotence induced by 
a ri cl muscarinic drugs may occur without reduction of libido 

and may thus be particularly frustrating to the male.) 

Knuutila et al. (144) reported finding an unusually 
high incidence of chromosomal aberrations (broken 
chromatids, acentric fragment e, dicentric ehromoeomea, 
etc*} in lymphocytes from a woman who had been vaccinated 
against rubella and 3 d later had received a variety of 

drugs, including atropine! In connection with an operation 
on varicose veins; after the operation, she had been i.ivcn 
indomethacin for 10 d and furossmlde for 12 d. The young 
woman was considered to be in good health. Lymphocyte ■ 
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cultured from the blood of four other women who had been 
vaccinated against rubella also contained unusually large 
numbers of broken chromatid*, but did not have the other 
chromosomal abnormalities. The percentages of metaphase cells 
with broken chromosomes from these four women were leas (by 
3-1 IX} than that In the blood from the firat patient (151). 
The investigators suggested that the major aberrations in the 
first patient's chromosomes may have resulted from a combined 
effect of the vaccine and one or more of the 10 drugs that a he 
took during and after her operation* They recommended, 
therefore, that prescribing drugs should be avoided, if 
possible , near the time of vaccination for rubella- (In view 
Of the fact that the Investigatory had no knowledge of the 
State of the patient's chromosomes before her vaccination and 
operation, their suggestion and recommendation aeeta to be on 
rather shaky ground.) 

Hiaich et al. (145) attempted to detect mutagenic products 
in the urine of patients who were taking a large variety of 
drugs. Including atropine f as a part of their therapeutic 
regimens in the hospital* The urine was tested with and 
without the addition of a preparation of microsomia from the 
livers of rats that had been given a 1Z ^solution of 
phenobarbital in place of drinking water for 6 d before removal 
of the livers* Minlcfa et al . found no evidence of mutagens in 
the urine of the patients given atropine. 

HUMAN DATA FROM EDGEWOOD ARSEKAL 

Grob et al. (147) compared the effects of atropine 
administered Intravenously and intramuscularly. Four subjects 
were used* Two received injections of 2 mg of atropine sulfate 
by the intramuscular route only; one of these subjects received 
only one injection, and the other, two* A third subject 
received 1 mg of atropine sulfate intravenously on one 
occasion, 1 mg of atropine sulfate intramuscularly on another 
occasion, and 2 mg of atropine sulfate intramuscularly on four 
other occasions* The fourth subject received 1 mg of atropine 
sulfate intravenously on two occasions and 2 mg of atropine 
sulfate intramuscularly on three occasions. Atropine sulfate 
by either route of administration induced an increase in heart 
rate, an Increase in skin resistance, «n increase in pupil 
size, dryness of the akin, and an increased sensation of 
dryness of the mouth. In general, the effects appeared earlier 
after intravenous than after intramuscular injection. Prior 
administration of sufficient TEPP to increase sweating and 
salivation and to induce anorexia and mild nausea slightly 
delayed the onset of the effects of atropine and slightly 
reduced the extent of those effects. 

Marzulli and Cope (148) gave 40 men single injections of 1 
mg of atropine intramuscularly , 28 men two doses of 1 mg of 
atropine 90 min apart , and 20 men single doses of 3 cog of 
a tropins. The last group of subjects contained men who had 
received the two doses of 1 mg of atropine at least 2 wk 
previously and the single dose of 1 mg still earlier. The 
injections were into a deltoid muscle. Teat log of the subjects 
began 30 min after each dose of 1 tag of atropine and 60 aln 
after the doaa of 3 mg. A battery of 10 tests t including nine 
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for grading visual acuity, stare ops is, and other properties of 
the eye end one far grading cognition, was used* 

Four of 25 subject* who had received intramuscular 
injections of saline reported slight dryuese of the south, two 
complained of headache, and one who had complained of headache 
also mentioned s slight numbness of the lips* 

The 40 men given Intramuscular Injections of 1 mg of 
atropine all reported dryness of the mouth; 17 complained of 
dizziness, 13 of feeling tired and sleepy, 10 of dryness of the 
nose, and sight of having difficulty in reading. 

The 28 men who received 2 mg of atropine all complained of 
dryness of the mouth] 17 complained of feeling tired and 
sleepy; 12 reported either that they had slept during the day 
or had gone to bed earlier than usual; nine complained of 
feel!*™* incoordimstsd* 

The 20 subjects given 3 mg of atropine all reported 
dryness of the mouth; 16 had felt tired or sleepy; 14 recalled 
either that they had slept during the dsy or had retired early 
in the evening; seven reported that their sleep during the 
night after the injection bad been broken by vivid and 
disturbing dreams- Three men in the latter group reported 
seeing objects in unusual colors; a fourth had a visual aura. 
Mo true hallucinations wsre described* 

The only significant objective changes seen in this study 
vere a decrease in the ability of the eye to accommodate for 
near vision and tachycardia* The mean magnitude of 
accommodation by the eyes of the 20 men before they were 
exposed to atropine waa 10.3 diopters (148)* After a single 
dose of 1 mg, the mean magnitude of accommodation was 8-5 
diopters* When the same subjects had been given two daiea of 1 
mg* the mean amount of dioptric change was 7*5« After a single 
dose of 3 mg, the eyes of the same 20 subjects had a misan 
magnitude of accommodation of 4*8 diopters. 

This report provided no data to enable the reader to judge 
whether the tachycardia that followed As various doseii of 
atropine was dose-related; data on heart rate are provided only 
after the single dose of 3 mg. The mean heart rate in the 20 
men before exposure to atropine was 75.8 beats/mln. At 15 min 
after Injection* the mean was 116.8 beat a/ml n* After another 
IS min, the mean waa U7.fi beats /min* Thereafter, the heart 
rate decreased gradually, the mean at 7-8 h after the Injection 
being 66.1 beate/mln* The mean waa below that during the 
control period from the third hour to the eighth hour after 
Injection. 

HimwXcb (149) used four subjects to study the effects of 
intramuscular atropine st 0.07*0*12 mg/kg on the ES6, 
personality structure , heart rate P breathing rate, and pupil 
diameter* The pupil diameter Increased by a mean of 114.31, 
the heart rate by a mean- of S1.0Z, and the breathing rate by a 
mean (for onjy three subjects) of 48*5%* There waa an increase 
In the voltage of the predominant frequency in the EEC, 
impairment of the alerting reaction on opening the eyes, and 
increased proportions of slow waves and ap Indies in the EEG, 
even though the subjects were awake and responsive to spoken 
commands. All four subjects found concentration on a single 
topic difficult, both attention and logical progression of 
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thought being attenuated* Judgment became poor, sensitivity to 
the environment was lessened, the grmp of reality was 
weakened! end drowsiness affected ell four subject a. Three of 
the subjects became irritable, although the mood of the fourth 
vaa predominantly euphoric- The three irritable subjects had 
disturbed sleep and fantastic dreams during the night, whereas 
the fourth slept well. All four subjects had some degree of 
ataxia; two complained of urgency of urination and congestion 
of the conjunctivae* Hie most persistent effect of atropine 

noticed In this study vaa paralysis of accommodation, which 
disappeared gradually during 3-4 d after injection - 

Wechaier and Koskoff (ISO) used nine surgical patients to 
study the effects of doses of atropine between 1.3 and 5.85 
mgr-administered by intravenous, intramuscular f or 
Intracl sternal injection—on cerebral blood flow and metabolism 
and on neural and cardiac indexes of normal function. One 
patient received atropine intraclsternally on two occasions , 

1.8 mg the first tine and 4.2 mg the second time.. Three 
patients were given intravenous doses of 1.3-1*6 mg of 
atropine, and five vera given intramuscular doses of 2*0-5.85 
mg* The intracl sternal injections induced no changes in heart 
rate or blood pressure within 3D ain after injection. The 

intravenous injections produced tachycardia in the three 
patients so treated and small increases In mean arterial blood 
pressure in two of them, whereas the third had a small decrease 
in blood pressure within 3 mln after injection* All five 
patients given intramuscular atropine developed tachycardia, 
and four of them (the only ones whose blood pressures were 
recorded) developed small increases in mean arterial blood 
pressure. Atropine by any route of administration in these 
studies Induced no consistent changes in cerebral blood flow, 
cerebral vascular resistance! cerebral consumption of oxygen, 
cerebral arteriovenous oxygen difference, cerebral respiratory 
quotient t or pH of blood from the jugular vein. The only 
significant neurologic change after administration of atropine 
was dilatation of the pupil* Only one patient given atropine 
yielded any indication of an effect on the EEG: a minimal 
depression of the alpha component. No morbidity was 

attributable to the atropine* The authors concluded that 
timidity in the use of atropine is not warranted. 

Andrews at al. (151) used nine subjects in a preliminary 
comparison of the effects of atropine sulfate Injected 
intramuscularly and subcutaneously in warm (35^0, 601 
relative humidity) and cool (16°C, ambient relative humidity) 
environments and 24 subjects in a preliminary comparison of the 
ef facta of inhalation of 2 mg of atropine sulfate as a dust and 
as an aerosolized solution in water. Finally r 10 subjects were 
used to repeat the comparison of the effects of atropine 
sulfate administered by the two methods of Injection in warm 
and cool environments and to compare the effects of 2 and 5 mg 
of atropine sulfate Inhaled as a dust and an aerosolized 
aqueous solution in the vans environment. The report did not 
state whether the same subjects were used in more than one part 
of this study. 

The results of the study Indicated that 2 tag of atropine 
sulfate had practically identical effects on heart rate and 
sweating, whether injected intramuscularly or subcutaneously. 
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The mean 1 acreage in heart rate after injection of 2 Kg of 
atropine sulfate In tbe vara environment vaa 42.7%, whereas 
that In the cool environment vaa 31*3%. The mean increase in 
heart rate after inhalation of 2 mg of atropine sulfate as a 
dust or an aerosolized solution vaa 23*7X; the mean increase 
after inhalation of 5 mg of the drug vaa 48.11- The increases 
with the two types of dispersion of atropine sulfate were 
essentially identical for the two doses used* It is apparent 
that Inhalation of atropine sulfate is not as effective a 
method of delivery t with heart rate aa the indicator* as 
intramuscular or subcutaneous injection* 

Although Inhalations of 5 mg of atropine sulfate induced 
an increase in heart rate comparable with that induced by the 
injection of 2 mg, ell subjects reported headaches, giddiness , 
tiredness, lethargy, and muscular weakness or incoordination 
after inhaling the 5-mg doses- It took 24 h for all the 

subjects to feel able to return to their usual activities after 
inhaling the larger doae of atropine sulfate t and several 
reported visual hallucinations, euphoria, and dysuria. The 
authors concluded that the use of inhale tors for 
self-adminiatration of atropine sulfate would be impractical 
and that intramuscular injection would be the easiest method to 
teach to nonmedical persons* 

White et al. (152) gave 12 subjects intramuscular doses of 
atropine sulfate at 22*6-134*0 ug/kg (mean, 50*8 jug /kg). The 
mean blood pressure before administration of atropine sulfate 
was 123/79; after administration, it was 129/91. The mean rate 
of the radial pulse vaa 69 beats/ain before administration of 
atropine; within 30-60 s after Injection, it was 61.5 
beats/mln; it increased later, reaching a mean maximum of 100*5 
beats/min* The mean breathing rate before atropine was 
administered was 15»l/min; after atropine had bees 
administered, it rose to 17-1/min* The mean diamener of the 
pupil was estimated to be 4.6 nm before administration of 
atropine; under the, influence of that drug, it increased to 6.5 
mm* Eight of the 12 subjects had extensions of the near point 
under the influence of atropine, the subjects given the two 
largest doses having the greatest increases* 

Ml 12 subjects complained of dryness of the mouth; six 
became restless; two complained of sensations of heat on their 
skins « although they were in an air-conditioned room; 10 were 
observed to become drowsy; 10 found that walking a straight 
line was difficult; and five had malaise, headache p vertigo, 
and alight nausea* These complaints had disappeared by the 

following morning* 

Other effects of atropine sulfate seen in the 12 subjects 
who took part in this experiment, in order of decreasing 
incidence, were sleepiness, shortened attention span and 
blurred -vision* dreaming* eye irritation, lack of desire for 
mental work, and urinary urgency* The usual changes in the EEG 

pattern after administration of atropine were a flattening of 
the record t a decrease in frequency, and intermittent blocking 

of the alpha rhythm* There was a decrease in alertly on 

opening the eyes* Five subjects had notable improvement in 
( photic driving after administration of atropine fe end five 

others had slight improvement* Only one subject had a decrease 
in response to photic stimulation. 
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In at tempting to deviee a battery or teata useful in 
assessing the «f facta of chemicals on hutiau capabilities, Elkin 
•t mil (153) gave II eubjecte intramuscular Injections of 
acopolaalne at 12 jig/kg after the subjects had spent & day 
gaining familiarity with the teat battery. Four aubjecta 
received placebo injections • the only piirt of the teat battery 
that mm; have been affected by the placebo was a 
manual-dexterity teat in which the subject moved as many blocks 
aa poaalble in 10 a fro* one hole to an adjoining hole. The 
number of blocka moved 0.75 and 2*25 h after the placebo was 
about 8*31 greater than the number moved before administration 
of the placebo and 4*25 h after the placebo- Scopolamine 
decreaeed both near and far visual acuities, the effect on near 
vieual acuity being much the greater. In the manual-dexterity 
teat, acopolamine decreaeed by 38*62 the number of blocka 
moved, thie dacreaae pereietlng for 2.25 h after the injection 
of acopolaalne and then diminishing gradually. By 8*75 h after 

the injection, the number of blocka moved was only slightly 
below the baseline measurement. Mean grip strength waa lowered 
from about 54 kg to about 46 kg by the doae of scopolamine. 
Scopolamine lowered the mean duration of balancing on a beam on 
one foot from about 17 to About 5 a. Th<* mean number of 
additlooa performed within 3 mis decreased' from about 42 to 
about four. The mean number of digits tliat could be recalled 
after auditory presentation decreased frum about 7.1 to about 
5*1* the mean ability to estimate 10 waai altered only slightly 
by acopolamine in the direction of underestimation* However. 
the variance of thia estimation wee increased by about 123% by 
acopolamine. The mean reaction time (the subject pressed a 
switch aa moon aa poaalble after receiving a visual cue) 
increased from 0*22 to 0,38. The authors concluded that the 
moat dramatic change waa in near visual acuity* Grip strength, 
almple reaction time, and estimation of n lapsed time were 
affected only allghtiy by acopolamine. 

Kltmen m£ml* (154) analyzed the records of 18 subjects 
who had been given intramuscular injections of atropine at 
32-125 ug/kg and who weighed 57.2-90*0 kg. The results on the 
Number Facility Teat (completion of aa many additions as 
poaalble during 3 min) were uaed to grade each subject's 
reeponse to the drug* No correlation between body size and 
decrease in the Number Facility Teat waa found. 

Cunnings and Craig (155) exposed 10 men to temperatures up 

to about 52°C to induce a range of rates of sweating and then 
aubjected them to a variety of doses of atropine sulfate by 
intravenous Injection of various priming doses followed by 
infusions of varioua concentrations of tie drug for 13-53 min. 
The total doae of atropine received by a subject varied between 
aero and 1*6 mg; the report waa unclear m whether this value 
Is for atropine alkaloid or atropine sulfate* Higher rates of 
eweating, Induced by exposure to high environmental 
temperaturea, were found to require largsr doses of atropine to 
Inhibit aweating. Sweating recovered rabidly (6-74 min) after 
the end of infusion of atropine sulfate, particularly at the 
higher temperature a. 
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Kligman and Cop elan (156) reported that 13 subjects had 
been exposed to atropine, No details or results of the study 
were given. 

Crowell and Ketchum (157) used 33 normal male volunteers 
to assess the ability of physoetigmlae to antagonize the 
deliriant activity of scopolamine* The volunteers received 
intramuscular injections of scopolamine bydrobromide at 24 
jug/kg; subgroups of the intoxicated men received physostigmine 
salicylate intramuscularly at 50 ug/kg 15, 30, or 90 min after 
injection of scopolamine. Those treated 15 rain after 
scopolamine did mot have any immediate reversal of feeling 1 of 
fatigue and drowsiness and gradually developed a typical 

delirium, but at a lover rate than those who had not been given 
physostigmine* Pnysosrigmine lowered the heart rar.e in these 

men and maintained it on a plateau below that In the untreated 
group until the heart rate in the untreated group decreased to 
equal that in the treated group 3-4 h after the scopolamine had 
been administered. Physostigmine had only a minor and brief 
effect on the diameter of the pupil, but decreased 
significantly the decrement in the Number Facility Teat due to 
the dose of scopolamine during the 2 h after its 
administration. 

The subjects treated with physostigmine 30 mlt after the 
injection of scopolamine improved dramatically and rapidly in 
their performance of the Number Facility Test. These men 

relapsed Into delirium about 3 h after administration of 
physostigmine and then recovered at about the same rate ae the 
untreated men. The effects of physostigmine on heart rate and 
pupil diameter were similar to those in the group treated 
earlier in the intoxication. 

The men treated 90 min after Injection of scopolamine, 
after development of a full-blown intoxication, improved 
dramatically and rapidly > the change being noticeable within 10 
ain of injection of physostigmine and becoming maximal within 
30 min. At that time, the subjects were alert, well-oriented, 
and logical. Their performance in the Number Facility Test 
decreased slightly about 1.5 h after the dose of physoatigmlne, 
but did not fall to near the level of performance of the 
untreated group at that time. The performances in the Number 
Facility Test of the untreated group and the group treated with 
physostigmine became essentially identical at about 6 h after 
the dose of scopolamine. The heart rate decreased t/ithin 30 
mln after the dose of physostigmine 9 but this drug had little 

effect on pupil sice. 

Baker et al « (158) summarised their studies wii:h 62 
Volunteers given scopolamine. No details of the experiments or 
of their results were given, but the Individual subjects were 
■aid to have reacted quite differently to a given dose of 

scopolamine- After extensive analysis of the data, the authors 

concluded that research was needed to identify the factors that 
cause "subject by treatment* 1 interactions and that cleans for 
controlling for them were necessary for obtaining consistent 
effects by a given chemical. 

Krieger (64) -examined the effect of injected atropine on 
the circadian variation in the concentration of 
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17-hydraxysteroida In human plasm*, using two healthy ma ■ 
subject!. One subject was given a subrucaneoua injection of 
3*0 nig of atropine, the other a similar Injection of 3,5 rag* 
Three other subjects took oral doses of 2.5 mg of atropine. 
None of these subjects gave any e vide ace of an effect on the 

usual pattern of variation in plasma 17-hydroxy steroid a, the 
author pointed out that the dose of atropine used in these 

human studies vas only about one-tenth that used in experiments 

with cats In which atropine had been found to block the 
nocturnal rise in plasma 17-hydroxy steroid concentration, when 
administered before the time at which the c ire ad Ian rise could 
be expected to occur. 

Safer (159) investigated the poBsi ble interplay of sleep 
deprivation and scopolamine intoxication in producing 

deterioration of human abilities- Men were deprived of sleep 
for one or tvo nights and were then given scopolamine 
hydro bromide intravenously at 5 or 10 ^g/kg. Behavior was 

rated with a checklist* The perf o nuances of rhe subjects in 
the Number Facility Test, a manual-dexterity teat, and a 
vigilance test were evaluated. Eleven subjects were given 

scopolamine at 10 ug/kg» 10 were deprived of sleep for a night 
and given Intravenous saline, six were deprived of sleep for a 

night and were given scopolamine at 10 ug/fcg, two were given 
scopolamine at 5 Mg/kg» four were given scopolamine at 5 ug/kg 
after being deprived of sleep for a nignt B and four were given 
scopolamine at 5 ^g/kg after being deprived of sleep for two 
nights. 

The combination of loss of sleep for one night and 
scopolamine at 10 jjg/kg had a more than additive effect on 
performance In the Number Facility Test and considerably more 
effect on manual dexterity than the scopolamine alone. The 

combination also produced hallucinations in about 2*7 times as 

many subjects as the same dose of scopolamine alone* The 
results with the lower dose of scopolamine were similar to 
those reported above, but less striking. The men deprived of 
sleep for two nights became so somnolen: after the dose of 
scopolamine that the tests could not be run. 

The effects of large intramuscular doses of atropine on 
the electrocardiogram were examined by Hayes e^t al. (160, 161), 
with six healthy male volunteers. The volunteers were given 
atropine sulfate at 175 jig /kg. By 2 min after injection, there 
was slowing of the heart without any striking change in the ECG 
record* At 5 min after the dose, the pvave was engulfed by the 
QRS complex, and an A-V nodal rhythm was instituted. This A-V 
dissociation was temporary , a sinus tachycardia becoming 
apparent mt 6-7 min after the Injection and persisting for 
about 3 hi 

Four Volunteers Who had received scopolamine, three who 

had been given atropine , and nine who had received no chemicals 
were interviewed and examined at some unknown time after their 
service as experimental subjects (162)- None of the subjects 
felt that he had suffered physical or psychic injury as a 
result of serving as a subject. Blood counts for all the 
former subjects were within the normal range- Three of the 
former control subjects and one former subject who had been 
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given both scopolamine and a salt of LSD had up to 10 white 
cells per high-power field In their urine; that suggested 
low-grade urinary tract infection. One former subject who 
been given atropine had a mildly positive test for urinary 
glucose {there are ao aany possible causes of such a situation 

that no precise meaning can be attached to It). One of the 
former control subjects had an increased activity of GOT In hie 

serum, and another had a slightly increased concentration of 

BUN* No abnormalities of serum chemistry were recorded for the 

former subjects who had been given atropine or scopolamine « 

This study revealed $ therefore, no definite evidence of 

long-term physical or psychic injury by eaters of tropic acid. 
Xlapper et al - (163) examined the records of eight 

subjects who had been given intramuscular injections of 
atropine at 62 jig/kg, six who had been given atropine at 104 
^g/fcgi *Bd >i* V &Q had been given scopolamine at 11,6 jig/kg. 
The performance of each subject on the Number Facility Test 

after injection was compared with his scores on the three 
validity scales and 10 standard scales of the Minnesota 

Multiphasic Personality Index (MMFI). The best correlations 
between performance in the Number Facility Test and scores on 
scales In the MMPI for the men given atropine ac 62 Mg/kg were 
with those in the hypochondriasis and mania scales* The beet 
| correlations for the men given atropine at 104 ,jg/kg were with 

scores in the lie and mania scales* For the mei given 

scopolamine at 11*B jjg/kg» the best correlation} were with 
scores in the hypochondriasis and lie scales. If atropine and 
scopolamine are taken as representative of the #roup of tropic 
acid esters 9 the best Indexes of performance in the Number 
Facility Test tinder the influence of such estem are the scores 
I in the lie, hypochondriasis, and mania scales el the hmpi. 

After a aimilar analysis for five anticholinergic compounds, 
three other substances with atropine and scopolamine , fClapper 
et al , (162) decided that scores in the positive test-taking 
attitude, hypochondriasis , and mania scales of the HMPI were 
positively related to performance in the Number Facility Test. 

Sldell et al * (164) reported that Intravenous injection of 
the potent cEollnesterase inhibitor, 

S-(dlisopropylaminoethyl)*-ethylaethylpho8phonothioate , at 
T*5-li7 pg/kg into men 1.5 h after intramuscular injection of 
scopolamine hydrobromlde at 24 jig/kg was effective in reversing 
the performance and cognitive decrement! produced by the 
scopolamine. If the anticholinesterase was administered 3D mln 
aftsr scopolamine, the Initial therapeutic benefit wag less 
than when it had been given at 90 min* This ant i cholines terse e 

had a more durable effect than physostigmine, ltd antagonistic 

activity persisting. as long as the agonistic activity of 
scopolamine, whereas that of phyaostigmine had been found by 
others £o last for only 2.5-3 h. 

Ketchum et al - (24,165,166) reported the results of 

intramuscular injection of atropine sulfate at 32-175 jjg/kg, of 
intravenous injection of scopolamine hydrobromlde at 5-24 
jig/kg, of intraauacular injection of scopolamine hjdrobromide 
at 5-24 jig/ kg, of intramuscular Injection of scopolamine 
methylbromide at 5-30 Mg/kg» and of attempts to find 
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antagonists of intoxication with these chemicals* The research 
involved 127 individual experiment*. The ED5Q8 of atropine 
sulfate to initiate the following effects to recognizable 
extents were; poorly coordinated, 89 ^g/kg; attention span 
shortened, 95 jig/kg; stumbling gait, 106 Mg/kg; restlessness, 
126 Mg/kg; temporal confusion, 130 jig/kg; inability to obey 
simple orders, 135 jig/kg; and hallucination, 169 jug/kg« 

Although the ratios between the ED5QB f atropine and of the 
other anticholinergic compounds for the production of the 
different effects varied somewhat, intravenously injected 
scopolamine hydrobromide was about 8.7 -lines as active as 
Atropine sulfate and, when injected intramuscularly, about 7.5 
times as effective as atropine sulfate. Scopolamine 
methylbroaide was about 4 times as active as atropine sulfate, 
except that no dose of the former substance produced as much as 
a 90S decrease £n performance in the Number Facility Test, so 
comparative potencies had to be assigned on the basis of less 
than maximal actions by atropine and scopolamine* Therefore! 
scopolamine methyl bromide was only aboui: 531 as potent as the 
hydrobromide* 

Intramuscular injections of scopolamine hydro bromide at 24 
jig/kg and of atropine sulfate at 175 ug/kg induced 
approximately equal decrements in perfonaance In the Number 
Facility Test! except that the maximal effect after scopolamine 
was attained in about half the time required to reach that 
after atropine* Intravenously Injected scopolamine 
hydrobromide produced its maximal effect even more rapidly than 
that injected Intramuscularly- Scopolamine methylbromide was 
slower In exerting Its maximal tachycarc ial effect than 
scopolamine hydrobromide, but no information about the rapidity 
of its action on performance in the Number Facility Test was 
provided in any of the three reports (24 ,165 p 166) - The 
increase in heart rate induced by scopolamine methylbromide was 
greater than those Induced by the same amounts of scopolamine 
hydrobromide or atropine sulfate. 

The decreases in performance in the Number Facility Test 
Induced by atropine or scopolamine were antagonized rapidly by 
intramuscular Injections of phyaoatigmine at 15-60 ng/kg, but 
the antagonistic effect wore off after 3-*4 h- Neostigmine had 
no immediate effect on performance In the Number Facility Test, 
but may have increased slightly the rate of spontaneous 
recovery 5*10 h after the intramuscular dose of atropine 
sulfate* With respect to the tachycardia induced by atropine t 
neostigmine may have exerted a prompter and more potent 

bradycardlac action than physostigmine. Phyeastlgmiae also 
antagonised the decrement in performance on the Number Facility 
Test induced by scopolamine* The organqphosphorus 
anticholinesterase compounds, DFP and Sarin, had some 
antagonistic effect against the decrement in performance in the 
Number Facility Test Induced by scopolamine, but these effects 
were less striking, although more persistent, than those of 

physostigmlne* Tetrahydroamlnoacridlne, also an inhibitor of 
cholinesterases, had some antagonistic activity against the 

decrease In performance in the Number Facility Test due to 
scopolamine* Intramuscular Injection of chl or promazine after a 
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null dose of acopolamine hydrobromide (8 ug/kg) increased the 

decrement In performance in the Number Facility Test due to the 

scopolamine* When 50 mg of chlorpromeiiae was injected 
intramuscularly after intramuscular acopolamine hydrobromide at 

8 ng/kg, the resulting decrease in the score in the Number 
Facility Test approached that induced by scopolamine 
hydrobromide at 24 ,ug/kg alone , although chlor promazine by 
itself induced only a slight decrease in performance. 
Perphenazine , another derivative of phenothiazlne , had effects 
similar to those of chlorpromarine. 

Sidell (167) reported that absorption of atropine from an 
intramuscular site of injection in man vas prolonged when it 
was mixed vith a 301 solution, but not when mixed with an 1BX 
solution, of pralldoxime chloride* Because absorption of 
atropine vas also delayed when It vas mixed vith an 8*5% 
solution of sodium chloride , Sidell suggested that the delayed 
abaorption with 30% pralldoxime chloride may have been due to 
osmotic effects, rather than to any specific effect of the 
oxime* However, as pointed out by Sidell. although absorption 
of atropine from the mixture vith 8-51 sodium chloride was 
delayed t eventually this mixture caused the same mean Increase 

In heart rate In the six volunteer subjects as ar.ro pine alone 
at the same time after Injection* In contrast, neither mixture 
of atropine vith pralldoxime chloride accomplished this; the 
mixture of atropine with the 181 solution came closer than the 
mixtute with the 301 solution to achieving the utme increase in 
aean heart rate as atropine alone* Therefore, pralldoxime may 
have had a dose-related effect on the total absorption of 
atropine* Whether this is due to a simple osmotic effect on 
the absorption of atropine, vith some of the alkaloid held at 
the site of Injection by una be orbed pralldoxime chloride in 

solution, or to some more specific effect of the oxime is not 
clear* 

Sidell (168) studied the effectiveness of intravenous 
administration of physoetlgmlne as an antagonist of the central 
(Number Facility Test) and peripheral (heart rate) actions of 
atropine and acopolamine* The report simply reiterated the 
effectiveness of physostlgmlne as an antagonist oi the central 
actions of these two alkaloids and demonstrated that repetition 

of administration of physostlgmlne after disappearance of the 
effect of a first dose renewed the antagonism of persistent 
central actions of the alkaloids, but, like the first dose of 
physostlgmlne, had only a minor effect on the tachycardia due 
to the alkaloids- 



SUMMARY 

This review of the general literature portrays the tropic 
acid esters with which this report is concerned as compounds 

that are not particularly lethal in single or repeated doses. 

The members of the group that are tertiary amine* may affect 

psychic activity in comparatively small doses, but there 1b 

fairly rapid adaptation to repeated doses. Removal of the 

compounds from the body, so far as it has been studied, seems 

to be comparatively rapid and to occur by a combination of 

urinary and fecal excretion and metabolic transformation. The 
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transport of Intact atropine through the tubular epithelium of 

the chicken la by the cation transport mechanism and le reduced 

by druga and chemical ■ that Inhibit that transport process: 

quinine, cholines cocaine , and cyanlne dyes (146)* 

Symptoms and signs of the action of the tropic acid eaters 

on human subject a include complaints of mouth dryness and 
decreased secret ion of saliva; increase In heart rate, possibly 

preceded by a short period of decrease In heart rate; dryness 
and flushing of the akin, particularly in the "blush area"; 
difficult urination; ataxia; disorientation; hallucination: 
delirium; dilated pupils, possibly uonreactlve to light; 
prostration; and coma- 

The greatest hazard to life arisen from suppression of the 
ability to secrete sweat, which can give rise to fatal 

hyperthermia if body temperature is not controlled artificially 
during hot weather or strenuous activity. Another source of 
hazard to life arlaea from the effect of the compounds other 
than scopolamine and ita quaternary form in accelerating heart 
rate and facilitating Intramural conduction and transmission of 
impulses* These actions may result in serious arrhythmias up 
to and including ventricular flbrlllat Ion- The quaternary 
amine forms of the tropic acid esters In which we are 
interested are more active in some respects than the tertiary 
amine s, ae far as peripheral actions are concerned. This la 
especially true with respect to action? on nicotinic effectors 

in ganglia and striated muscles* The quaternary amines 

penetrate into the central nervous system poorly fe but, once 
there f affect muscarinic effectors in the soae way as the 
tertiary amines* 

The anticholinergic compounds thar are eateru of tropic 
acid are not known to have any important mutagenic, 
teratogenic ^ or carcinogenic actions. There has been Little 
study of long-term toxicity of these compounds, however, bo one 
cannot may categorically that they have no carcinogenic 
activity* The rapidity with which atropine is removed from the 
body, although it cannot he taken &b proof of 

noncarcinogenicity , does militate against a high probability of 
such an action by this compound. 

ESTERS OF BENZILIC ACID 

The master file of the Board on Toxicology and 
Environmental Health Hazards lists four compounds that are 
asters of ben* Hit acid* One of these compounds seems to be an 
isomer of another — both are benzllic acid esters of tropins. 
Of the 12 reports that concern administration of compounds of 
this group to volunteers, either at Edgewood Axsenal or at 
contractors' facilities, II are related to the results of 
studies with quluuclidlnyl benzllate and three with tropinyl 
benjEllate (these three reports are concerned exclusively with 
the L isomer of the ester)* Accordingly, the literature review 
In this section centers on these two compounds insofar as 
possible, and especially on quinuclidinyl benzllate. 

The first compound made in this group of esters of 
banailic acid aeeaa to have been tr-dlethylmmlnoethyl benzllate 
(benactyrine) f whose synthesis was reported in 1936 by 
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tiorenstein and Fahlicke (169). The synthesis of troplnyl 
benzilate was described In 1952 by Kromatka et al. (170). Id 
1952, Sternbach and Kaiser (171) reported methodi for producing 
several bi cyclic alcohols, including 3-quinuclldinol. These 
alcohols were then used to produce esters with organic acids 
(172) t including benxllle acid. The eaters were examined for 
their ability to induce relaxation of Isolated rat bit intestine 
that was made to contract by acetylcholine; the esters of 

3-quinuelidiuol were found to have greater spasmolytic activity 
than the corresponding esters of dlethy laminae thancl and other 
bicyclic alcohols* The 3-quinuclidinyl ester of dlphenyl 
acetic acid was prepared in its L and D forms. The 
levorotatory eater was found to have most of the activity, the 
dextrorotatory ester having only very alight activity* the 
toxicities of the isomers were eta ted to have beer identical, 
but no data on toxicity were reported. A paper by Randall et 
al * (173) gave the intravenous L&jqs for the mouse of the L 
isomer it 29*5 mg/kg and of the D Isomer as 27 mg/kg. 

The synthesis of esters of 2-tropanol was described by 
Archer and Bell (174) in 1961. In 1971, Atkinson and HcKitchie 
(175) reported methods for synthesizing all four cf the isomers 
of 2-tropanol* lbs chemical literature seems not to reveal 
when the production of L-2-tropinyl benzilate actually 

occurred » but it was probably in 1971-1972* 

Randall et al. (173) aaseaaed the potencies cf 

3-quinuclidinyl benzilate hydrochloride and 

N-~methyl-3-quluuclidlnlum benzilate bromide in several 

different activities* The U*$qb of 3-quinuclidinjl benzilate 
for the mouse were about 1.46 and 2*04 times those of the 
quaternlzed compound after intravenous and intraperitoneal 
injection , respectively* In producing relaxation of isolated 

intestinal smooth muscle stimulated by acetylcholine , 
3-quinuclidinyl benzilate was somewhat more effective than 
atropine* Ihe 3-q uinuc 11 dlnyl benzilate had some activity in 
relaxing spasm of intestinal smooth muscle lnducec by histamine 
and was quite effective in antagonizing that induced by 
barium- It waa also effective in preventing contraction by 

bronchial smooth muscle on exposure to aerosolize: methacholine 
and in overcoming the bradycardia and hypotension induced by 
injection of acetylcholine or by electric stimulation of the 
vagal nerves* A dose of 2 mg/kg prevented the response of the 
cat nictitating membrane to electric stimulation cf the 
cervical sympathetic nerve. 

The chemist who made 3-quinuclidinyl benzilate took about 
0.5 mg of the compound and experienced not only diynesa of the 
mouth and mydriasis, but also a sensation of weabesu in the 
knees* Despite having received several subcutaneous doses of 
neostigmine! he slept fitfully that night and spoke 
incoherently during waking periods* On the next morning, he 
was still unsteady on his feet, and his pupils were dilated- 
By the second morning after he had taken the compound, nil 
symptoms except those due to persistent mydriasis had 
disappeared* He revealed that he had felt confused and chat 
time had seemed to pass very slowly i Two other employee* 
involved in work with 3-quinuclidinyl benzilate hsd similar 
illnesses, with apparent hallucination in one patient (1?6). 
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In addition to those three occupational exposures, two of 
six patient* given 0.1 ng of 3-quinuelidlny I benzll&te three 
times a day aa a treatment for parkinsonian had nocturnal 
conf ualoa (176) ■ 

STUDIES IN ANIMALS 

In an attempt to explain these coafuelonai states, 
Schallek and Saltb (177) studied the effects of five 
spasmolytic substances, Including 3-qulcucIidinyl benzilaee and 
ita quaternlzed fom, on the electroencephalogram, the 
electrocardiogram! and the blood pressure of the dog. 
Intravenous injection of 3-quIuuclldinyl bear i late at 0*01 
a&/kg decreased the dominant frequency of the EEC of two of 

five dogs; a dose of 0*1 mg/kg enlarged to three the number of 
doga in which the dominant frequency of the EEC was deer eased * 
Larger doae a, up to 10 mg/kg, did not further enlarge the 
proportion of doga with a decreased dominant frequency. The 
dose of 0*1 mg/kg induced bradycardia in one of five doga. A 
dose of 10 mg/kg Induced bradycardia In all five dogs and 
resulted in death due to cardiac arrest la two of five. 

The only dose of quaternlzed 3-qulnuclldlnyl benzllate 
that induced any alteration in the £EG was 10 mg/kg, which 
resulted in a decrease in the dominant frequency In the EEG of 
one of five dogs* This dose also Induced bradycardia in three 
of five animals and hypotension in all five. No dogs given 
this dose of N-methyl-3^uiuiiclldinyl benzllate bromide died* 
Intravenous doses of 0.1 and 1*0 mg/kg caused tachycardia In 
one of five and two of five dogs, respectively* 

Before proceeding with a discusaior of the effects of 
3-quinuclldIuyl benzllate, It may be worth while to look at the 
available Information on the lethality of single doses of the 
be nil lie acid eaters with which we are concerned. Table 1-2 la 
baaed on Information supplied by Hoffmac-LaRoche, lac,, the 
Sterling-tfluthrop Research Institute, and a number of 

investigators (36,173,176,178-189). 

The benzille acid asters of both diethylaminoethanol (179, 

180,185) and tropine (182,183) were foucd to be capable of 
overcoming spasms Of smooth muscle Induced by acetylcholine and 

of Inducing relaxation of smooth muscle! such aa the circular 
muscle of the Iris. Both compounds had some local anesthetic 
activity, both produced changes in the EEGs of experimental 
animals similar to those induced by atropine, and both had 
alight antihiataminlc activity. Uaunkln (187) reported that 

troplnyl benzllate increased the effectiveness of other 
antispasmodic drugs, such aa troplnyl dlphenylacetate 
f (tropacine), in antagonizing the tremor Induced by subcutaneous 

nicotine. 

Larsen (181) fed rats diets contairing either 0*011 or 
0.05Z of the benzllic acid aster of diethylaminoethanol from 28 
d of age until spontaneous death. Another group of rats was 
fad the basal diet. The rata fed benzllic acid ester gained 
weight slightly faster than those fed the normal diet, but died 
younger than the controls (means of 24 and 26 mo, compared with 
one of over 29.5 mo). No striking pa the mas in the animals due 
to the benzllic acid ester vara reported . 
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3-qUINUCLIDIEreL BENZILATE (BZ, EA 2277) 

McNamara (164) reported that rata placed Into atmospheres 
containing 3-quinuclidinyl benzilate dispersed at a dust, as a 
thermally generated smoke, or as an aerosol of a IX solution of 

the benclllc acid ester in methylene dichloride for 
concentration-time (Ct) product a up to 29,508 mg.min/m3 

experienced no permanent effects from the exposures, except 
occasional deaths randomly distributed with respect to 
intensity of exposure * One of four guinea pigs exposed to a Ct 
product of 10 t 123 ag.min/m3 *nd two of four guinea pigs 
exposed to a Ct product of 14,748 mg,miu/m 3 died. Hice 

exposed to an aerosolized IX solution of the beozillc acid 
eater in methylene dichloride at Ct products up to 14 t 137 

mg.min/m 3 did not experience any clearly doae-related 
mortality, but 69 of 70 mice exposed to thermally generated 
smoke of 3-quinuclidiayl benzilate at Ct products of 

6,213-9,331 mg,mln/ii3 died. 

McKamarfi (184) reported that daily subcutaneous doses of 
3-quinuclidinyl benzilate at up to 150 ug/kg on 5 da ye of each 
week for 3 wk Induced no evident signs of toxicity in mice and 
guinea pigs* Dogs given daily intravenous doses of 100 ug/kg 
for 14 consecutive days had the same LD5Q as dogs that had 
not been pre treated p but the time between injection of the 
dally dose and the appearance of ataxia increased from 4 min to 
14 min during the period of pre treatment* In dogit trained in a 
conditioned-escape routine and then given graded intravenous 
doaes of 3-quinuclidinyl benzilate at up to 12.5 jiig/kg ( there 
was no effect on performance. A doae of 25 ug/kg resulted in 

failure to escape by four of four dogs. 

The same report (184) summarized data on the effect of 

intraperitoneally injected 3-quinuclldinyl benzilate on 
spontaneous motor activity of the rat* When the cata were 
plotted and the curve extrapolated to zero change in 
spontaneous activity*, the maximal dose that could be glv«ti 
without altering spontaneous activity seemed to be about 0.12 
mg/kg. No rats were given dally injections of saline, however, 
\ so a decision on what portion of the observed change* wan 

attributable to the compound, rather than to the procedure, Is 
not possible* 

Studies of the absorption of 3-quinuclidinyl benzilate 
from solutions applied in a mixture of alcohol and cresoJ to 

the clipped skin of five species of animals, summarized in the 
same report (1&4), found that doses of up to 500 ug/kg produced 
ataxia in the cat after about 30 min and in the dog after about 
55 min* No ataxia was produced in the goat or the monkey 
(probably rhesus) by the highest dose; the highest done applied 

to the akin of the rabbit was 100 ug/kg* Doses of 50 ug/kg 

applied to the skin of the rabbit, of 100 ug/kg applied to the 
skin of the cat, of 250 ug/kg applied to the akin of the 
monkey, and of 500 ug/kg applied to the skin of th? dog and the 
goat were the lowest doses found to have effects oi the eyes* 
In all species except the monkey, recovery from th.? ocular 
effects was stated to occur overnight. In the monxey , the 
ocular effects apparently persisted for 2 d or mor<»* 



I 49 






Create PDF with G02PDF for free, if you wish to remove this line, click here to buy Virtual PDF Printer 



la the dogp an intravenous dose of 10 Mg/kg produced a 
mean increase in four dogs of about: 1431 in heart rate, which 
decreased slowly during an observation period of up to 6 h, but 
was atill evident at the end of that period- By 24 h after the 
dose* the heart rate was back to normal* A does of 12-5 ^ig/kg, 
but not one of half that amount, decreased by 20% the mean time 
during which dogs would run on a treadm.1.11. None of the 
experiments summarized in this report (184) seems to have 
Involved any persistent effect of exposure to 3-quinuclidinyl 
benxllate in surviving animals. Neither did the report of Wal 
(186) mention any consistent toxic effects of this compound. 

Ketch urn et al » (189) reported that rats and dogs with 
whole-body exposures and rabbits and monkey a with head-only 
exposures to clouds of 3-qulnuclidlnyl benziiate dispersed In 
the field at wind speeds of 8-11 mph developed such effects as 
ataxia, dyspnea y mydriasis, cycloplegia, tachycardia, sedation, 
hyperactivity, and nasal stuffiness* The moat persistent of 
these effects was cycloplegla, which persisted in three of five 
monkeys for more than 7 d* Moat other effects disappeared 
within 48 h after exposures. 

Ho study of long-term administration of 3-quinuclidinyl 
benziiate to experimental animals has been found. The closest 

approaches to such a study are 1-yr studies of the results of 
feeding the methyl bromide of 3-qulnuclicfelayl benziiate to rate 
in the diet (190) and of gavaging dogs j d/wk with the same 
quaternary amine salt of 3-quinuclidiiiy] b«*nzilate (191), Rats 
were fed diets containing the quaternary amine salt at 

concentrations calculated to yield daily doses of sera, 5, 25 + 
and SO mg/kg. Dogs were gavaged with the quaternary salt at 
zero, 1, 5, and 25 mg/kg. In both experiments, no evidence of 

dose-related toxicity was seen. The livers of the male dogs 

that had received daily doses of 5 and 25 mg/kg seemed to be 
larger than those of the controls (3.0% and 3«2Z of body 
weight, respectively, versus 2.71 for the controls) , but were 
normal in structure on necropsy and in function 

(glutamic -pyruvic transaminase and alkaline phosphatase 
activities in serum and Bromaulphaleln ie tent ion within normal 
limits}* Although the compound used in these two studies vas 
not 3-quinuclidinyl benzilate and probably was absorbed from 
the intestinal tract less rapidly and less completely than chat 
compound, it contained the same combinations and arrangement 
of atoms* Therefore, the negative findings with respect to 
organ and tissue damage in the two studies nay indicate that 
similar experiments with 3-quinuclidinyl benzilate would result 

in no chemically Induced pathemas. 

The great avidity of mitochondria from rat brain for 

3-qulnuelIdinyl bensllate has been mentioned previously (56). 

Larsson et ml . (192) recorded the infrared spectra of seven 

esters of benxlllc acid, of eight esters of 3-quinuclidinol, 

and of atropine and scopolamine and attempted to correlate the 

relative strengths of the Intramolecular hydrogen bond with the 

threshold doses of the various compounds in producing 
psychotomimetic effects In dogs* The data of Albanus (42) on 
tht psychotomimetic activities of anticholinergic compounds 
were used for the comparison. Of the esters of benzilic acid, 
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the most active vit 3-quinuclidinyl bensllete* According to 
Albanus T s data, it was 50 times as active at tropicyl 
bentilate. ?our other esters of 3-quinuclidinol were as active 
as 3-quinuclidinyl benxilete, but none vaa mare active. 
Larsson et al » were not able to detect any correlation between 
the strength of the hydrogen bond, aa derived from their 
spectra, and the biologic activities of the compound a estimated 
by Alhauue* 

Dogs given subcutaneous doses of tropinyl be nz Hate at 
0.50 mg/kg became ataxic after a mean elapeed time of 16 min 
and obstinately progressive after a mean of 19 min; ataxia 
disappeared after a mean elapsed time greater than 263 min, 
whereas obstinate progression laated only a mean of 244 min. 



became ataxic after a mean of 36 min and became obstinately 
progressive after a mean of 42 mim* These two effects 
disappeared at mean time a of greater than 313 and greater than 
305 min, respectively, Tropinyl benzilate in a doa* 10 times 
that of 3-quinuclidinyl benzllate produced toxic effectH 
somewhat more rapidly than the latter, but theae effects were 
less durable than those of the smaller dose of 3-quinuc lid., ay I 
benzllate* 

Lavallee (50) reported that doses of 3-quinuclidinyI 
benzllate at 10 and 18 pg/kg had no progressive effects on 
performance of a multiple-stimulus conditioned-avoidance 
response by dogs, but doaes of 24 and 32 jig/kg decreased the 
number of correct responses progressively* Monkeys given doses 
of 32 and 56 jjg/kg may have made a few more errors in a 
visual-discrimination avoidance task than monkeys given no 
compound , but the difference was not statistically significant 
in the abaence of control data* 

Cats given Intravenously Injections of 3-quinucLidlnyl 

benzllate labeled with 3# ± n the 3-position of quinu^lidinoJ 
were used to determine the distribution of the label in the 
brain and brain stem (193). Taking 304 counts/min.mg in the 
nervous tissue as the halfway point between the highest and the 
lowest concentrations measured, the areas of the brain that 
retained the greatest concentrations of the label were motor 
cortex, sensory cortex, caudate nucleus, lateral genicular*, 
and medial geniculate (167, 140, 121, 107, and 101 

counts/min.mg, respectively) - The areas that retained amaller 
concentrations, in order of decreasing concentration of the 
label, were thalamus, hippocampus, hypothalamus, medi.lln 

oblongata, colliculi, cerebellar cortex t pyramids of the 
medulla, cerebral white matter, and cerebellar white matter. 
Both cholinomimetic and anticholinergic compounds were 
found (193} to reduce the retention of the label in some areas 
of the brain, the most strongly affected areas varying with the 

compound- The cholinomimetic compounds used were 

tetrahydroaminoacridlne (THA) and 

S^d iethy lami noe thy Idle thy Iphosphorothioate (TETRAM) , bot.i 
inhibitors of choline st erases* The anticholinergic c impound n 
used were If-methyl-4-piperidinyl- (phenylcyclopentyl)-glycolate 
(EA 3443} and 302,028 (not identified except aa an analogue of 
3-quinuclidinyl benzllate)* The last compound had a such mere 
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general action than Any of the others ised, displacing the 
label of 3-quinuclidinyl benzilate from most of the sampled 
area* of brain and brain stem* In the cases of both I A 1443 
and 302,028, displacement of the label vaa related probably to 
the substitution of one intoxicant by mother, so that neither 

of these two anticholinergic substances would be practical 
antagonists of intoxication induced by 3-quinuclidinyl 

benzilate* Antagonism might reasonably be expected from THA, 
which partly displaced the label from aotor cortex,. lateral 
geniculate, medulla, and cerebellar cortex; antidotal activity 
by TEXRAH — which displaced the label from lateral geniculate, 
thalamus t and hippocampus— Is less 11kg ly. No attempts to 
assess antidotal effectiveness were made in thia study. 

Zvlrblis and Kondritzer (56) found that a mitochondrial 
fraction prepared from rat brain adsorbed 3-4 times at much 
3-quinuclidluyl benzilate aa atropine in the physiologic range | 

of pa. The optimal pH for adsorption if 3-quinuclidinyl 
benxllate was about 8*Q, whereas that cor atropine was. about 
9*7; at these pEa t the adsorption of tie two anticholinergic 
compounds was about the sane. THA decreased the adsorption of 
the benzilate by mitochondria, but a r-itlo of 100:1 
(THA;3-qulnuclldlnyl benzilate) was required to reduce the 

adsorption by 501- Both Ga2+ and P0/ 2 '" decreased the 
mitochondrial adsorption of 3-qulnucIldlnyi benzilate , the 

effect of Ga2+ not being particularly Lar^e and requiring an 

estimated ratio of 30,000:1 (Ca2+j3-qulnuc.lidinyl benzilate) 

to decrease adsorption of the benzilat.* by SOX. With 

phosphate . a ratio of about 21,5:1 (P0,i*"i 3-quinuclidinyl 
benzilate) would be expected to decrease adsorption of the 

benzilate by 50X. 

Yamamura et ah (194) studied the adsorption 
of 3u on particles in boaoge nates of various regions of 

aonk*y A braln aftar incubation with [ ^H| 3-quinuelidinyl 

benzilate in solution In phosphate buffer at a pH of 7*4. The 
regions that were the moat avid adsorbers of the benzilate. In 
order of decreasing uptake » were putam^n, caudate nucleus, 
occipital cortex, circulate gyrus, postcentral gyrus, 
hlppocaapus t amygdala, precentral gyrus p pyriform cortex, 
frontal cortex, superior colliculi, thalaausj and inferior 
colliculi. This distribution of adaor^tlve Bites among various 
parts of monkey brain differs from tha: for uptake of ^H from 
intravenously Injected [%J3-qtiinuclidlnyi benzilate by cat 
brain (193). The two atudies are in agreement that the caudate 
nucleus is one of the most important a read of localization of 

the label in the form of [3HJ3-qulnuclLdinyl benzilate. 
Yaaamure et al * found that uptake of the label by various areas 
of brain 'Had a tendency to be correlated with choline uptake 

and with choline ace ty lass activity. 

Yamamura and Snyder (195) found tiat interruption of the 
septal hlppocampal tract, and elimination thereby of 
cholinergic afferent ■ to the hippocampus, reduced by about 701 
the activity of choline acetylase in h^mogenates of the 
hippocampus, but did not alter the bin! log of 

pB]3-quinuclidinyl benzilate by the p articles of such 
homogenates* They proposed, as a possible explanation, that 
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presynaptic ■uacsrinic site* that art Innervated by the septal 
hlppocaapal nerve fibers do not adsorb the labeled beniilate, 
but that postsynaptic muscarinic sites just across the synaptir 
gap from the presynaptic ones do adsorb it. Another 
possibility mentioned Is that there may be no presynaptic 

muscarinic sites in the hippocampus* 

the ATPase in microsomes prepared from whole rat brain, 
from rat cerebral cortex, and from cerebral cortex of rats that 
had received 3-quinuclidinyl bencilate intraperitoneally at 1 

mg/kg en hour before they were killed vaa found (196) to be 
enzyaatic&lly competent in all cases and not to be Inhibited 
significantly by the addition of 3-ouimitlidinyl ben zi late in 
vitro* Furthermore* slices of guinea pig brain cortex 
incubated in vitro with 10-4 M 3-^uinuclldinyl benzllste had 
the same patterns of loss of K+ mu d uptake of Ha* as slices 
incubated without the benzllste* Inasmuch aa AT?ase is related 
intimately to the active transport of the monovalent cation in 
nervous tissue p the experiment with the brain slicea gave an 
additional indication that ATPase activity is uoi altered by 
3-quinuclidiny 1 beMilate* 

Jo vie and Zupanc (197) measured the effects of 
3-quinuclidinyl benzllste on oxygen consumption by rata and 
oxygen uptake by slices of rat cerebral cortex ard medulla 
oblongata* Subcutaneous injections of the benzilate at 4-15 
mg/kg decreased oxygen consumption by a mean of 12 #11; there 
was no clear dose-effect relationship* Rats whose oxygen 

consumption had been Increased by a mean of 33*52 by a small 
dose of soman (25 ug injected subcutaneously) had the increase 

limited to about 21 by a subcutaneous dose of 3-quinuclidinyl 

bencilate at 15 mg/kg* 

Slices of cerebral cortex and medulla oblongata stimulated 
by KC1 at a final concentration of 100 mM Increased their 
oxygen uptake by respective means of 59*2% and 41.7% (197); 
inclusion of 5 x 10"* M 3-quinuclidinyl benzilate in the 
caedium bathing the slices reduced the stimulated oxygen uptake 
to 16*3% for cerebral cortex and to 3*61 for medulla 
oblongata* When rats were given 3-quinuclldiayl tenzilate 
subcutaneously at 5-20 mg/kg and were killed 1 h later for 
preparation of slices of cortex and medulla oblongata, there 
were dose-related decreases In oxygen uptake by bcth tisanes 
stimulated by Inclusion of KC1 in the fluid surrounding the 
slices* 

Prances and Jacob (81) reported that intraperitoneal 
injections of 3-quinuclldinyl benzilate into mice at Q. 3-3.0 
mg/kg decreased the concentration of acetylcholine that could 
be measured in the brain* There was a linear relation between 

the decrease In acetylcholine concentration and the logarithm 
of the does of beaxilate* The line for this relet Lon&hip with 
3-quinuclldinyl benzilate was close to and nearly parallel with 
that vith scopolamine* 

Aquilonlus et si* (77) found that intravenous 
3-quinuciidinyl benrilate at 50 ng/kg produced about 
loss of acetylcholine from the rat cerebral cortex a 
at 750 ng/kg. Intravenous 3-quinuclldinyl benrilate 
0-2, and 0*5 mg/kg produced greater initial increases in rat 
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locomotor activity than atropine at 1.3, 2, and 10 mg/kg. The 
immediate reaponaea to the benzllate were not eo well 
maintained aa those to atropine. - Aa the benzllate dose 'j&b 
increaaed from 0.1 to 0*2 mg/kg, locomotor activity increased 
rapidly to an almost maximal value that was about 9.3 time a i he 
control value « 

The concentration of acetylcholine in rat hippocampal 
tlaaue was Increased slightly (10.31) by Intraperitoneal 
3-quinuclidinyl benzllate at 0*1 mg/kg (79); after a dose of 5 
fag/kg, the acetylcholine concentration vaa reduced by 44.51, 
compared with the mean concentration found in control rata. 
When septal lesions vera created, the mean concentration of 
acetylcholine In the hippocampus increased by about 47,41. ka 
Id intact rata, administration of 3~quinuclldinyl benzllate at 

0-1 mg/kg increaaed the mean concent rat: ion of acetylcholine In 

the hippocampus, In tola case by 5.31* Unlike the result in 
Intact rata, administration of 5 mg/kg resulted in a further 
increase in the mean concentration ol acetylcholine in the 
hippocampus, to 16.61 above that in control rats* This last 
result was the converse of that found with atropine t but was 
similar to that found with scopolamine* 

tteyerhffffer (198) found that L-3-quinuclicinyl benzllate 
was about 20 times as active as the Dlsomer in dogs la 
producing ataxia, tachycardia 9 and obstinate* progression and in 
reducing salivation* 

Kabes ejt ai^ (199) reported that rata given doses of 0*8, 
2.0, and 5*0 mg/kg of 3-quinuclidinyl benzllate (by an 
unidentified route) had dose-related increases in spontaneous 
motor activity* Fhysostigmlne (0*2 mg/kg) p amobarbital (20 
mg/kg), and chlorpromazine (2 mg/kg), all given by unidentified 
routes before the benzllate, held the spontaneous motor 
activity even below the control values. 

Kabes (200) examined the effects of 3-quinuclidinyl 

benzllate on the abilities of rats to learn a 
conditioned-escape task and, once trained, on performance of 
the task* Doses of 0*5, 1, and 2 mg/kg of the benzllate 
hastened acquisition of the conditioned response in a 
dose—related manner, but a dose of 1 mg/kg had different 

effects on performance of the task in relation to the 
proficiency of the animal in its performance before the 
benzllate was administered* Rats that were poor performers 
(more than 202 errors in control sessions) and some that were 
good performers (leas than 202 errors in control sessions) had 
their performance improved by the benzllate, whereas other good 
performers had their performances worsened - 

Kabes (201) examined the effects of 3-quinuclidinyl 
benzllate on beagles* There were dose-related responses to 
doses of 10 and 50 jug/ kg In autonomic functions (heart rate, 
pupil diameter, flow of saliva, etc.), m^tor functions (motor 
coordination, tremor, ataxia, etc.), and central nervoun system 
functions (alert ue»», orientation, react Lon to external 
stimuli, etc*)* Fhyaostigmlne (1 mg/kg) aborted all these 
types of action* Routes of administration were not stated; 
physostlgmlna was said to have been injected, but the site was 
not stated* 
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Fusek et al* (202) used isolated rat Jejunum and atria to 
examine the effects of 3—quinuclidinyl he axils ce on tissue 
response to cholinergic agonists*- The benzilate alone had no 
effect on isolated jejunum, but* when applied before s 
stimulant concentration of f urtrethonium {10"'-lo** H) k it 
shifted the dose-response curve for furtrethonium to the right 9 
i-e», s higher concentration of furtrethonium was required to 
produce a given response in the presence of 3-quiiiuclidinyl 
benzilate than in Its absence* 

The application of 3-quinuclldinyl benzilate at a range of 
concentrations (3-30 x 10"* h) to isolated atria had no 
effect on the contractions of either spontaneous 1} beat lag or 
electrically driven atria (202). Whan the atria vara eubjected 
to the influences of both furtrethonium and 3-quimiclidinyl 
benzilate, the dose-effect curve for the former was shifted to 
the right. This was similar to the result with Isolated 

jejunum, the aolar ratio of furtrethonium to 3-quinuclidinyl 

benzilate being about 3*3 x 106;i« 

He rink et al » (82) Injected 3-quinuclidInyl bsniilate at 1 

Eg/kg into the peritoneal cavities of normal rate .md rate with 
electrolytic septal lesions- In normal rats, ther? wte no 
significant effect on aggressiveness! but defecation was 
decreased* In the rata with septal lesions w both 
aggressiveness and defecation were reduced by 3-qu: nuclidlnyl 
benzilate (the latter being affected to the greater extent). 

Foel (203) trained female rats to run in a circular runway 
for a reward of a drop of chocolate paste. After completion of 
training! tha rats were given intraperitoneal Injections of 
3-quinuclidinyl benzilate at 0.1, 0,3, 1. 3, or 10 tag/kg und 
were placed in the runway 20 min later. The benzilate Induced 
a marked Increase in the time required for the rat to leave one 

reward area and begin to seek a second reward (latency); the 
Increase In latency was dose-related • There was a dose-related 
Increase In the time required for the rat to traverse the 
circular runway (running time), but the slope of the regression 
line for the relationship of running time to the dose of 
3-quinuclidlnyl benzilate was much smaller than that for the 

relationship of latency to dose* These results vera 
Interpreted as indicating that the benzilate intensified a 
conflict between a desire to remain in the vicinity of a prior 
reward and a desire to obtain a later reward, coupled with some 
interference with motor function similar to that found by 
MeyerhOffer (198) and Kabea et al . (199,200). 

Bell and Gershon (86) found that intravenous injection of 
3-quinuclidinyl benzilate at 50 ug/kg into dogs induced 
intoxication that persisted for mora than 5 h* inttaveooun 
Injection of l f 2 t 3 p 4-tetrahydro-9-amlnoacridine (Tacrine or 
THA) at 1 mg/kg within 30-50 min after administration of the 
benzilate induced recovery in only two of nine dogs p but 

similar treatment 2-3 h after the benzilate had been injected 
was successfully antidotal in seven of seven dogs. Yohimbine, 
which has cholinomimetic and sympatholytic actions ( 204 i f 
injected intravenously at 0.5 mg/kg within 30-50 min after the 
benzilate had antagonistic activity In four of nine ilogu. When 
yohimbine was not administered until 2-3 h after the ben£il*te, 
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It antagonized the intoxication in only two of sever logs. 
Flperoxan* also an adrenergic blocking agent, was mentioned as 
being capable of antagonizing Intoxication with 3-quiauclidinyl 
benziiate, but no details of study of it* action were given* 
Fusek et al* (205) reported thai: Tacrine inhibited boch 

acetylcholinesterase and butyrylcholmesterase in dog lunge and 
heart and slightly inhibited acetylcholines te raae in the brain, 
especially in basal ganglia. Host of the change in the 

acetylcholinesterase activity of the brain was found cc be in 

the microsomal fraction* ButyrylchoJ.inesteraae in the bodies 

of ganglion cells was said to be completely inhibited is all 
regions of the brain* These authors found that an 
intramuscular dose of tacrine at 10 ug/kg completely abolished 
within 2 h the signs of intoxication induced by an 
intramuscular Injection of 3"-qulnucl:Ldlnyl benzilace at 5Q 

Mg/kg. 

Sram et al * (206) reported the results of cytogenetic 

analyses of spermatozoa from mice that had been given 
intraperitoneal 3-qulnuclidlnyl benztlate in single injections 
at 40 mg/kg or 15 dally doses at 10 ug/kg, of bone marrow cells 
from mice that had received 15 dally do&es at 2 or 10 mg/kg, 
and of human lymphocytes that had be»*n exposed in vitro at 

10~*-10~3 m. They looked also for reverse mutations in 
yeast cells exposed in vitro at 5 x LQ"^ M and 5 x 1Q~ 2 It, 
for host-mediated transformations in yeast cells injected into 
the peritoneal cavities of mice that were then given 50 or 100 
mg/kg subcutaneoualy , and for dominant-lethal effects in mice 
after single intraperitoneal injectlma at 10 or 40 mg/kg or 
repeated injections — 15 at 2 mg/kg, 15 at 10 mg/kg, or 5 at 20 
mg/kg. The yeast cells exposed to 3-quinuclldinyl bens! late in 
vitro gave evidence of veak mutagen!! activity ■ The only other 
positive results were in bone marrow cells of mice given doses 

of 10 mg/kg or more* Sram et al* (206) concluded that, because 
the frequency of chromosomal breaks vas not dose-related above 

the threshold dose for the occurrence of breaks , the breaks 
were probably due to systemic toxic ictivlty by the benzliate, 
rather than to any specific mutagenic effect, and that the 
compound has no serious genetic risk for man. 

In another paper, Sram (207) examined the production of 
chromosomal abnormalities in bone marrow from male Chinese 
hamsters given single intraperitoneal injeci ions of 

3-qulQuclldlnyl benxilate at 0*1, 1, 10, 20, 40, or 60 mg/kg, 
dissolved in dimethyl sulfoxide* Coatrol hamsters received 
dimethyl sulfoxide alone* Doses of L mg/kg or more induced 
more chromosomal gaps and breaks per cell than the solvent. 
Doses of 1*40 mg/kg yielded apparently dose-related increases 
in the Incidence of chromosomal abnormalities: 0,012 per cell 
with 1 mg/kg t 0.064 per cell with 10 mg/kg, 0.224 per cell with 
20 mg/kg, and 0*292 per cell with 40 mg/kg. The highest dose, 
60 mg/kg t produced only 0.076 per cell* Sram considered, on 
the basis of the count with the highest dose, that the 
incidence of chromosomal gaps and breaks was not dose-related, 
but that is questionable for the dos*s between 1 and 40 mg/kg* 

However, AS Sram pointed Out, chromosomal gaps and breaks seem 

to be evidence of toxic damage to the individual, rather than 
of heritable change, so they probably do not indicate a serious 
genetic risk for man* 
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Hughe • et al . (208) give 10 beagle a intravenous 
3^uinuclidinyl benzllete at 3 mg/kg twice * week for 3 wk. 

Five control dogs were given 0.1 N HCl, corresponding in volume 
end pH to the solution of benzilate at 0*1 ml/kg. Sotae animals 
from each group were killed 72 h after the lest dose of 
benzilate, and the others were killed 60 d after the lest 
dose. No lesions attributable to benzilate were found in the 
testes of the dogs that had been given that compound. 






DIE TgYLAMIMOETHYL BENZILATE 

The only other member of the group of esters of benzllic 
acid on whose effects there is a considerable body of 
Information is diethylaminoethyl benzilate. One review of its 
pharmacology has been mentioned previously (Itil); it concerned 
the general pharmacology of the drug as a peripherally 
effective muscarinic blocking agent* In addition to having 
cholinergic spasmolytic activity, diethylaminoethyl benzilate 
also has mydriatic effectiveness, is able to antagonize 
barium-induced contraction of intestinal smooth muscle, has 
local anesthetic properties p and has an antiarrhythmic action 
on the heart similar to that of quinidlne. In 195!* a series 
of papers established that dlethylamlnoethyl benzilate affects 
the functioning of the nervous system In the cat (2 09), the rat 
(210), and man (211). 

tterger et si , (212) studied the toxicity of single doses 

of diethylaminoethyl benzilate in mice and monkeys and ite 
general actions on several functional systems. In the monkey, 
an intravenous dose of 1 mg/kg resulted in mydriasis end tame 
decrease in voluntary movement. A dose of 2 mg/kg induced 
ataxia with occasional convulsive jerks. A dose of 6 mg/kg 
Induced intermittent clonic convulsions in one monkey; Che 
convulsive state lasted for about 10 min and was followed by a 
depressed state lasting for over an hour. Pupillary 
dilatation, the effect of longest duration, sometimes persisted 
for as long aa 20 h* 

Diethylaminoethyl benzilate injected intraperi totally 
into mice with hexolbarbital at 100 mg/kg (212) prolonged 
anesthesia due to the hexolbarbital i benzilate at 10 mg/kg 
increased the duration Of anesthesia by 35.9 min (1241) aurl at 
20 mg/kg increased it by 68.3 min (2361). When 
dlethylamlnoethyl benzilate was administered to mic? by mouth 
at 24 mg/kg and the mice were then subjected to what was 
usually a nonlethal convulsigenic electric shock, 53X of the 
mice died. The only antimuscarinic effect detectable in these 
mice was mydriasis- This dose of diethylaminoethyl benzilate 
did not prolong the latency to onset of convulsion .after 
delivery of the electric shock; a larger dose, 37 m^/kg, did 
prolong the latency significantly* 

When different agonists (acetylcholine, 
S-taydroxytryptamine, and histamine) were used (212) to 
stimulate the smooth muscle in isolated rat colon, 
diethylaminoethyl benzilate had some ability to antagonize the 
stimulant action of all three agonists. Its ability to block 
the action of acetylcholine was about 20 and 100 tines its 
activity against the etiaulent actiona of 5-hydroxy»:ryptamine 
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and histamine, respectively. Dlethylaminoethyl benzllate did 
not increase the urinary excretion by the rat of 

S-hydroxyltLdoletcettc acid, but did magnify the pressor action 
of epinephrine and reduced its LDjq* The compound appears, 
therefore, not to affect the metabolism of serotonin, but to 
alter in aome way the relation between epinephrine and Its 

receptor a* 

Dlethylaminoethyl benzllate had no significant effect on 

the knee-jerk or flexor reflex in the cat (212); when injected 
into curarized citi, it altered the predominant frequency of 
the SEG from 40 per second to 8-15 per iiecond and induced 
enlarged dischargee* The changes in the potentials recorded 
from the brain were seen in records from both cortical and 
subcortical regions* Electric arousal consequent to peripheral 
or thalamic stimulation of cerebral afferent fibers was blocked 
by dlethylaalnoethyl benzllate, but recruitment of cortical 
neurons try stimulation of the thalamus was not affected - 

Glarman and Pepeu (75) reported in 1962 that 
dlethylaminoethyl benzllate differed from atropine in that a 
dose e qui molar with atropine at 50 mg/k^ (which reduced the 
concentration of acetylcholine in rat brain by 35%) caused no 
significant change in the brain' a concentration of 
acetylcholine* Both atropine end dlethylaminoethyl benzllate 
were said to induce mild excitation, however. In contradiction 
of this report, Frances and Jacob (81) published a graph 
indicating that Intraperitoneal atropine at 1 to 7 or 8 mg/kg 

had a greater effect in lowering the brain acetylcholine 
concentration in the mouse than doses of dlethylaminoethyl 
benzllate In the same range, but that the benzllate at 25-30 
mg/kg induced * greater lowering of the acetylcholine 

concentration than atropine* 

KcColl and Bice (213) found that intraperitoneal injection 
of mice with dlethylaminoethyl benzllate at 10 mg/kg IS min 
before similar administration of tremor! ne increased 
of tremorine from 5*8 to 38*0 mg/kg « Such an effect 
explained as being due to depletion by the benzllate 
store of acetylcholine In the brain cells. 

la 1964, Jacobean published a review of the literature 

through 1962 OH the actions of dlethylaminoethyl benzllate 
(214)* It reported that oral doses of this benzllate of up to 
80 mg had been tolerated by men* but that dally doses of about 
90 mg had given rise to mild arrhythmia* and cyanosis. The 
compound had been found to enter the rat brain in unaltered 
form* When l*C-labeled dlethylaminoethyl benzllate had been 
administered to rata, 852 of the label had been recovered In 
the urine within 24 h* Nothing was known at that time about 
the nature of the metabolites* The compound had been found to 
Inhibit oxidative phosphorylations In brain cells in vitro, 
and, at high concentration* (10" ^ |Q f to inhibit monoamine 
oxidase* In man, doses of 40-200 mg of this benxilate had been 
found to reduce excretion of 5-hydroxyiiidoleaeetlc acid to 
aero* Thus* the compound Interferes in some way with the 
utilization or metabolism of serotonin, and presumably with the 
function of serotonergic synapses* In addition to having 
peripheral antimuscarinlc activity, graded by various 



the EDg q 
can be 
of the 



I 58 



Create PDF with G02PDF for free, if you wish to remove this line, click here to buy Virtual PDF Printer 






I. 



investigators as between 0.01 and 0*33 that of atropine, 

d ie thy laminae thy 1 benxllate had bean. found to be particularly 

potent in blocking transmission through the ascending reticular 

system; It had also been found to affect the descending 

reticular system r but not to be useful in treating 

parkinsonism, because of Its other central effects. 

Die thy land noethyl benzilate inhibits the metabolism of 

barbiturates and potentiates their central depressant 
activity* In addition to inducing hyperactivity in mice and 
rats and reducing the reactions to stress in rate and cats fc 
dietbylaminoetbyl henxilate had been found not to affect sham 
rage, to inhibit fighting between rata exposed to electric 

■hocka. and to decrease the rate of lea r nine of coraolicated 
teaks (tasks requiring discrimination between stimuli and the 
making of different responses to different stimuli) in mice, 
rata, and cats. 

Berger et_*l. (BO) reported that diethyiaminoethyl 
benxllate was particularly effective in increasing the duration 
of after-discharges by the cat hippocampus after a weak, brief 
electric ahock, being 40-100 times as active as atropine In 
this regard* As to Its antispasmodic action in vitro and its 
ability to block salivation induced by intracranial injection 
of 80 ug of acetylcholine chloride into a mouse, 
diethyiaminoethyl benzllete vas 4% and 771, respectively, as 
potent as atropine. 

Shltov (215) found that benactyzine and two other 
anticholinergic compounds increased the action of magnesium 
sulfate on the EEG of the rabbit in proportion to the activity 
of the compounds In activating cholines tt rase. 

Banshchikov and Stoliarov (216) reviewed a group of 
substances that had been found to be capable of evoking mental 
disturbances* All the substances have marked anticholinergic 
activlty # and diethyiaminoethyl benxllate vas among them* The 
othere are Biel's compounds, JB-318* JB-329 (Ditrsn), and 
JB-336. 

The authora (216) stated that usual medicinal dosea of 
diethyiaminoethyl benxllate not Infrequently produce mental 
changes— retardation or atoppage of the currant of thought, a 
feeling of emptiness , f orget fulness t shortened attention span, 
sensations of heaviness and altered shape of the limbs, apathy, 
sluggishness, Impression of isolation from the environment , 
hostility, apprehension, horror, anxiety, and hypochondriasis. 
A relatively brief period of these effects might be followed by 
a period of euphoria if more than 5 mg of the benzllate had 
been taken. 

The first report of a psychotomimetic episode due to 

diethyiaminoethyl benxllate in a human being was credited to 

Vojtechovsky (217) hy Banshchikov and Stoliarov (216), This 
investigator had published In 1958 a case report on a female 

physician who had accidentally taken about 1.4 g of the 

benxllate* The woman experienced visual hallucinations and 
brief delirium. Intentional administrations of 
diethyiaminoethyl benxllate to human aubjects bad shown (218) 
that the psychotomimetic state lasted for 4-12 h and was 
accompanied by a decrease in urinary excretion of 
5-hydroxyiudoieece tic acid* These authors stated char 
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d ie thy laminae thy 1 benzilate had been found to Inhibit monoamine 
oxidase only slightly less strongly than ipronlazld. As the 
psychotomimetic state waned, the urinary excretion of 
5-hydroxyindoleacetic acid Increased to such an extent that the 
24-h excretion of this degradation product of serotonin was 
within normal limits. It had been found in the sane experiment 
that the urinary excretion of 17-ketosteroida Was markedly 
reduced during the period of psychosis und that the activity 
rebounded at about the same time as the urinary excretion of 
5-hydroxyindoIeacetic acid* In the case of the 
17-ketos ceroids , however, the rebound increased the total daily 

urinary excretion of 17-ketoateroida by nearly 5035* 

Edelaon et il, (219) used [3H]diethylamlnoethyl 
benzilate to study the absorption, distribution, end metabolic 
fate of this benzilate in the tat. The substance used waa 
randomly labeled. After intraperitoneal injection of benzilate 
at about 82*5 mg/kg, 3fl VaB detectable In the blood at a 
fairly high concentration about 12 min after injection; the 
blood concentration was highest about 36 min after injection. 

At 5 h after injection, the 3 H concentration was about 281 of 
its peak* The authors estimated the half-time of the label in 
the blood to be about 80 min. If one calculates (from data in 

the paper) the time required for removal of half 
concentration from the blood, that time is found 
114 min after the injection. The authors 1 value 

the half-time would require the concentration of 
blood 5 h after injection to be about 6.71 of the peak 
concentration, whereas it was actually about 28Z of the peak. 
The estimate of 114 min is believed to be a better value for 

the half-time. 

Within 24 h after injection, 44. AZ of the label waa 
recovered In the urine and 41. 61 In the feces and the 

gastrointestinal tract and its contents. The carcass contained 
14.22 of the label* of which the greatest amount was in the 
liver* The expired air contained about 0.3X of the 3 u, in 

the form of water. The urine contained the unchanged compound , 
ethyXaminoethyl benzilate » and benzllic acid- Apparently f a 

considerable portion of the diethylsmlnoethyl benzilate had 
been hydrolyzed to release benzllic acid, which accounted for 
54.41 of the label la the urine* A smaller portion of the 
original compound had been monodealkylated to ethylamlnoethyl 
benzilate , which accounted for 13. BI of t:he label in the 
urine. This daalkylation may have contributed the small amount 

of the label found in the water of the expired air. The fate 
of the dlethylaminoethanol that must have been released by 
hydrolysis of the original compound remains unknown. A study 
of the hydrolysis in vitro of the original benzilate at a pH of 

7*4 during Incubation at 37®C revealed that approximately 50Z 
of the compound underwent spontaneous hydrolysis within 5 

Sram (207) gave Chinese hamsters die thylaminoethyl 

benzilate intraperltoaeelly at 0*1, 1, and 10 mg/kg. The 

animals were killed 24 h later, and the cells of their bone 

marrow were examined for chromosomal abnormalities. The lowest 

dose of the benzilate did not give rise to any detectable 

chromosomal abnormalities; 1 mg/kg resulted in a 501 increase 



h. 



I 60 



Create PDF with G02PDF for free, if you wish to remove this line, click here to buy Virtual PDF Printer 



